


IIEP()HTS 

OF THH 

PR00EES8 OF APPJiEI> 
(HEMISTRY 

ISStlKD nv I'HK 

8()01E'1T OF OllEMIOAL INDUSTRY 

\ ()4.. Vnj.-1^2E 


SOCIETY OF CHEMICAL INDUSTRY 

Central House, 

40 / 47 , Finsbury Square, London, E.^. 2. 



PIIBLK'AT4<*NS C'OMMITTKE' 1923. 


J IT J JAN 

John *Allan. 

E. F. AllMSTltONO. 

E. R. Boj/j'on. 

K. If. Cauk. 

W. Jl . ('oliKMAN. 
r. F. Fitoss. 

J. '1 '. Di'NN. 

K. \'. Evans. 

C. J. (i()()l)W%N. 

J. W. Hin('H 1 ,kv. 

VV. V. Hodukfnson. 

E. (lUANT HoOI'KK. 

W. J. . I (INKS. 


L. Bakeh {Chairman). 

H. Lkvinstkin, 

E. Lkwi^i 

E. L. Ll()Vi>. 

B. 1). W. El FK. 

(J. VV AloNlffil A^'lLT.I VMS. 
(i, AIoho.vn. 

J. R. J’Ain'lNOTON. 

F. M. PorrKu. 

J. A. JiKWKLL. 

\V. F. liKio. 

H. Diioop Riuj.mond. 

\\^ C. VVaonek. 


EUiMRiBUTORiS TO THIS \T)LIIMK. 

L ^ 


«. J. M. Auld, O.B.E.. M.F., D.Sc., 

*• 

J. Badoilky- 

H. J. lUii.KV, O.H.E., F.l.(^ 

C. (^Banni.stkh, M.Eng., 

E, A. FoU 
H. J. Fok, 

Fuaklks Dohi^T^^J 
C. A. Edvvakos. jT? 

4rF. Evans, fESc., F.l.(\, M 
M. Four, M.Sc., F.l.C. 

H. ELoyo Hino, B.iSc., F.l.C. 

•D. IVOU rf’AMKS, 

J. H. JoHNS'AyN, M.Sc., F.l.C. 
HaKOLD if INC, J).Sf. 



J>. i) W. Ei ff, F.E{'. 

Rohkpi F. Evlk, F.l.C. 

Ci. W. Moniku-Wjlt.iams, O.B.E., 
Al.C., JIuJE, F.l.C. 

R. S. Mokkfkt., M.A., Fh.D., F.LC. 
H. J. Paok, M.B.E., B.Sc.. A.l.C. 
Rf.ssell C. Pekly. 

F. AE PoriKU, M.B.E., B.Si.f 
A.R.(\H., K.J.C. 

J. N. PuiNO, M.l^E., ]),Sr. 

J. VVeiu, M.A., B.Sc., I’h.D., F.EC. 
J. R. West, M.l.Chcm.E., 
A.M.lnstC.E. 

C». N, WuiTK, D.Si..(Eon(^), F.l.C. 

D. WOODBOFFE, M.S(‘., A.l.C. 


Editor : 

T. F. Bukton. 



CONTENTS. 


PAGE 

PLANT AND* MAC^HINERY. By .L H. West, M.LChem.E., 

A.M.Inst.P.E, • 5 

■PEL. By E. P. Evans, M.l.M.E 12 

<;as~i)Estritttve distillation— tar products. By 

' F. M. Potter, M.B.E., B.Sc., A.R.C.S., F.L(i., and D., Ivor 

James,. M, A 33 

MINERAL OILS. By S. J. M. Auld, O.B.E., D.Sc., Ph.D., * 
P.l.C 70 

COLOURING matters AND DYES. By J. Baudiley.. .. 91 

FIBRES, TEXTILES, CELLULOSE, AND PAPER. By 

Doree, M.A., D.Sc., F.I.{’ TSO* 

BLEACHING, DY^NG, PRINTING, AND FmiSHTNG. By 
M. Fort. M.Sc., F.I.C 162 

ACIDS, ALKALIS, SAUrS, etc. By H. J. Battjcy, O.B.E., F.LC.^I^ 
(iLASS. ]{y K. A. Coad-I’ryor 205 

CKUAMIC;S, KEFRACTORIES, AND BiyLDINd MATERIAEgf^ 

By Ct. N. White, D.Sc.(lA)nd.), F.I.(’ . 218 

JBON AND STEEL. By C’. 0. Bannister, M.Eng.,As 3 oc^^?^M. .. 233 
NON-FERROUS METAJ.,S. By Prof. C. A. Edwabs«iI‘*RSc., and 

H. I. Coe, M.^. , . 26r ' 

ELECTRO -CHEMICAL AND EJ.ECTRO - METALLURGICAL 
INDUSTRIES. By ,1. N. Prinq, M.B.E., D.Sc 269 

01L.S, FAT^ AND WAXES. By Russell 0. Pelly . . 301 

PAINTS, PIGMENTS, VARNISHES, AND RESINS. By R. 

Murrell, M.A., Ph.D., F.I.C .319 

INDIARUBBER. By B. D. W. Luff, F.I.C 34T 

LEATHER AND GLUE. By D. Wooiirofpe, M.Sc., Vi.C. . . 383 
SOILS* AND FERTILISERS. By H. J. Page, M.B.E., B.Sc., ^.I.C. 407 
SUGARS* STARCHES, AND GUMS. By Robert F. Lyle, F.I.C. 432 
THE FJiRMENTATION INDUSTRIES. By H. Lloyd Hind .. 466 



f'Oi^KNTS. 


PACK 

FOODS. liy (J. W. Momkk-Whjjuis. O.IJ.F., IMi.D., FJ-O.. -^89 

SAXlTAjhON AND W ATKR FFHIFICATIOX.. f.v -1. H. Johnston, 

M.Sc, F.l.(’ .■)0o 

FIXKCHFMK'AJ.S, M Ki *1(MXAJ. sriiSTAX(’FS.'\XD KSSFXTIAI. 

Oli..S.^ Jiy H\i{oi.i> Kino, I). Sc. .. .. .. .. r>lH 

EX)‘LOSI \'FS. liy John Wkik, M.A.. B.Sc., Fh.D.. F.l.C. .. ,H() 

IXDFX :)«7 



1{E POETS 


Sv 




/ 


OF thp: 


l>ll(l(illiESf% fIF Al'I'EIEl) (’lIEMliSTEY 


I’l-AXT AND MAOHINEUV. 

By J. H. West, M.I.Chem.E., A.JM.liLst.C.K 

A(iATN the ])ast year lias been charactoriseti by severe depression 
in^tho ohemieal industry, though signs of renewed activity are 
just beginning to appear in the last few mouths. 
j»('riods manufacturers liav(‘ little^ incentive to instal new plant, 
or to replace obaDlete aj)])aratus by more nt'idern types, and it 
is also diftieult to find money for the eomniereial development of 
new inventions. 

\Miile few, if any, fundamentally new ideas are. available for 
reeorfl, there is no doubt that steady and imjiortant progr^ is 
lieing made in the task of placing th#^ design of chemicaj-^mnt 
upon a scuentilic basis. ^ 

•ITie founding of the Institution of Chemical P]n^^^!ers is an 
event of the highest importance, not only from^i"<^int of view 
of a new and aiiKioritativc centre for the coli^^ion and dissemina*^ 
tion of scientific information on the dosigh of ehemicaf plant, but 
also because the Institution will exercise a much -needed control 
over the ^atus and qualifications of chemical engineeri^in this 
country, and will do much to counteract the harmt which has 
been done in the jiast by incomjictent persons who ui^Sertook 
th(^ design of plant without having the training an(tfex{5crience 
necessary for this work. The work of the Jnjllitution will not 
conflict with or overlaji the excellent work whijh is being done 
by the Chemical Plngineering Group of the Society in the holding 
of conferences and publication of papers on chemical engineering 
subject^ since these usually refer to commercial developments, 
whereas the papers presented to the Institution may be expected 
to be df a more scientific character. 

^Another important event of the past year is the founUatioii 
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of the Kainsay JVIemorial Chair of Chemicgti Engineering at 
University College, London, the first full professorship* in this 
subject to be .established in the country, ^oth as regards the 
training* of chemical engineers and the carrying out of research 
■this foundation should*havc important resulis. 

The most novel and interesting item in this section which has 
ap}>eared during the past year is Dr. H. S. Helc-Shaw’s “ stream- 
line* filter,” which consists* of a large number of sheets of pape'r 
perforated with holes and x)re8Red together under an adjustable 
pressure, so that the holes in register form tubes. ^ In the com- 
mercial filter unit the size of the sheets is roughly 8| in. by 6| in., 
and there are 32 inlet liolcs i8i in. in diameter, and 53 outlet holes 
I in. in diameter. Arrangements are made in the end plates, 
or Ijeads, of the press for connecting the inlet and- outlet holes , 
or tubes, resp'otively, together. On pumping the liquid to be 
filter(‘d in'to the inlet tubes the solid matter is retaine(t ard the 
clear filtrate ]iasses between the sheets of pax)er to the outlet 
tubes. So minute is the spacing between the sheets of paper 
when pressed tog'.-ther that really extraordinary feats of filtering* 
can bo performed without any tendency to clogging occurring or 
the flow diminishing under constant pressure. Dirty 

black oil from the crank case of an engine comes out clear and 
light in colour, anej cloudy ditchwater containing matter which 
will remain almost indefinitely in suspension, emerges perfectly 
coia^^less and clear. For the clarification of oils and varnishes 
and the removal of colloidal susprmsions in liquids this filter 
offers a new woa])on which should prove very valuable. In 
such^cases the filtrate is the valuable portion, the solids — 
usuall^Na very small percentage of the whole — being throvii 
away. The removal of the solids from the filter can be done by 
slacking onS^he pressure on the sheets and reversing the flow, 
or by means in the inlet tubes. Whil^ the commercial 

handling of filtering problems in which the solids are the valuable 
portion has not yet been completely solved in this filter, the 
solution is now within sight and only a matter of a little further 
experinfentation. t ^ 

The 'y^aper used is water- and oil-proof, and is not attacked by 
dilute fcids, and quite recently a new typo of paper has been 
adopted w'hich highly resistant to alkalis, so that the com- 
mercial filtration of 1(1% caustic soda solution can now be carried 
out satisfactorily. This is a very important advance, since 
hitherto the filtration of strongly alkaline solutions has ‘been 
practically impossible, and settling has had to be resort^ to. 

In connexion with evaporation there is some prospect of the 
so-called “ heat pump ” coming into more general use in this 

1923, 353t‘: Proc. Poy. 5oc., 1923, A108, 656 ; J., 1923, 761a. 
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country. There •has in the p^t been considerable prejudice 
agfliins^this type of evaporator among English cheiriical engineers, 
but with improved gconstruction the results now .attainable com- 
mand attention in view of the high evaporative efficfency per 
pound of live steam used. The Prache and Bouillon evaporator, 
which has been in use for many years on the Continent, isjiow 
lieing made in this country, and some idea of the results it gives 
may be of interest. The heat pump in this apparatus is an 
injector of special design giving a very large entrainment of 
vapour with the live steam. In order to keep down the heating 
surface witfiin reasonable limits, and yet work with a small 
temperature dro|i, mechanical circulation by iiieans of impeller^/ 
is usually j esortwl to, thus ensuring thoroughly turbulent flow in 
the heating tubes and a reduction of the film resistance.^ With 
this evaporator in single effc/Ct about lb. of water is evaporated 
})er lb. cf live steam, or approximately as much as Is obtained 
in a quadruple effect of the ordinary type. It is claimed that 
frothing is entirely eliminated, and that difficult liquids, shch as milk, 
wool-scouring liquors, and glue liquors, can be sutscessfully dealt with. 

Another form of h(iat pump is the Testrup drum dryer, which 
has been applied to the drying of jieat.^ In this casA^tt^ vapour 
given off from the wet material on the outside of grooved diUml^ 
is compressed nmchanically and returned the interior of the 
drums. The same princijfle is being applied in other dryers, 
lK)th of the stationary and rotating types. • • • 

There are a number of patents connected with drying, but they 
mostly refer to imjirovements in details of construction, or to 
means for recovering the heat of the exit gases. The ^^dsion 
])atent rotary retort, to which reference w^ made in Iffst year’s 
Jieport, has undergone some modification.^ Instead^of hammers 
suspended from a shaft passing through the rota^^ tube, there 
is now a tumbler, comprising three or niprjg»*ffisually six in the 
latest type) ramal arms, and made uj^ of a mimbef of sections 
])laced end to end. The tumbler sections rest on the bottom of 
the rotating tube and are carried round with it until they over- 
balance atid fall over. This retort can be uiled for dr^ng, par-^ 
ticularly where a certain amount of crushing is nece?*ary«to avoid 
caking and agglomeration, and also for calcining and Vetorting 
sliales and lignites. 

A good many patents relating to crushing and grinding h^e 
appeared. Most of these refer to improvements^ detail of known 
forms of ball mills, disintegrators, and so forth, and call for no 
special comment. Grinding to extreme fineness continues to 

^Proc. Chem. Eng. Group, III. & IV., 132-135; The Power Engineer, 
•Sept., 4923. 

“E.P. 191,812 ; J., 1923, 387a. 

" E.P. 201,960 ; J., 1923, HH)6a. 
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•eceivii attluitii^n. A Plauson mill for dry giCndiiig in vacMo^' 
jlaiuiK the rod uctioii of the particles to a diameter of lens than 
)'()08 mm. 'Fliis mill comprises a shaft ci^Tying beater bars, 
mounted' eccentrically in a double-walled casing, the space' 
bptwei'ii th(i walls biiing used for the cinadalion of a heating or 
:;(Kding fluid. A sieve on tlui outhfl jiijK" stops the coaiser particles 
Prom reaching th(‘. settling chamber and rt‘tiirns them to the mill, 
ivhile an idtra-lilter prevents the flnely ground matiTial fronf 
•(^aching tla^ vacuum pump. The material tr) he ground is f( 5 il 
n through a hop|X‘r and an air-lock comprising two valves coupled 
;Ogcth(U’ so that when one is o])en the other is shut.* Means are 
provided for removing the flm*st material from the si'ttling 
thamber without lueaking the vacuum. 

Another mill for producing very flue ])owders is that of 
^4. PodszuH.^’ In this th(‘- attrition is produced by the crushing 
ind rubbiitg of fine ])articles between imj>inging coarsci\})a^<ticles 
)f the same material, the cmrsiu- ])articles being adde(i in tlu^ 
'atio of 1 'i/O 2 of fines. Q'wo combined fans and heaters rotat(» 
it high speed in cioppositi^ directions on shafts witli the same 
lorizontal axis, and thereby (;ause the particles to im})inge pn 
)iie anoy^ejj .The solid material occupies about one-third of tlu' 
ni tile casing, and the rest may contain air or liquid. The 
jround material is b^own out by eomjiressed air. wdth a d(‘vi(ie for 
eturning the coarser ])article8 to the mill, ani a filter on tin* 
of the collecting box to retain the fini* powder. It is 
claimed that this mill can grind to colloidal fineness, and that 
the wear on tln^ mill is very small. 

As.^’cgards distillation there are no new' h'atures of importance 
to be foiind in the year's jlatents, hut several jiapers of interest 
have ap[)f^j^ed. Vols. III. and ]\'. of the Proceedings of th^ 
Uhemical ErtgmeiTing Group, recently published, contain three 
papers on distiTl[itl%j^^ design of aninioniacaljliquor stills ” by 
P. Parrish,’ Tar distrilajioii " by W. A. Walmsley, and “Glycerin 
distillation ' ’ by T. H. Gray.^ Calculations for fractionating colunuis 
are considered in tw'o pajK'.rs,® and a theoretical treatment of the 
condeiisA^ion of vapour from mixtures of vapour and*' non-con- 
densabl% ga^P^is given by B. F. Dodge.^^’ 

The V'^ry important subjeifl of heat transference is dealt with 
in two jia^rs- -ky G. .f. Greenfield, and B. Heastie.^- The 

s E.p, 195,(590 ; 192:i, r»:UA. 

« E.P. 183,i:u ; ,/„ 1921?, SSfiA. 

’ J., 1922, 229t. 

« J., 1021, 281h. 

» J., 1923, 37a, 533a. 

J. Ind. Eng. Chan., 1922, 14, 1002 ; J., 1923, 3Sa. 

Chem. and Ind., 1923, 390. 

J.1 19L>3, 443t. * 
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att<‘r is a valuabfb pai)er, giving *both theoretical and practical 
reatBieiit of the subject. One interesting ])ractical ])oint brought 
)ut is that th(‘ use ff guperhoated steam in a heater may give 
*ors(^ i('sults than thost^ obtained with saturated or even Ibxhaust 
deam. owing to the »eaistan(^e of the gas film on the heat(‘r wall 
A'hen suy)(*rh(^att‘d steam is used. The value of this j)aper woiild 
une been considerably grt ater if n'ferences to th(‘ previous work 
[ftoted had ])een given. 

A great deal of work is being done on the ek^ctrical preci[)ita- 
ion of dust. a^. is shown by the fact that over fifty patents relating 
:o it ha^a‘ been abstn^eted in the Journal durinc: the year. Most 
i>f these ref(‘r to tlifTeixait forms and constructions of electrodes, 
ind Tuechanical devices for removing the dust from the electrodes. 
Hhers relate to th(‘ nature of the electrical field employed, several 
)ro])osing an alternating field superjiosed on a dire(;t current 
ield.^^» Another ])ro])osaI is to use electrodes of thin cross-section 
A Inch iiiv- h(5ated electrically so as to ionise the gas, a\yd at the 
‘anu^ time serve as discharge electrodes.''^ One patent''’ jiroposes 
o subject the dust to the action of Rdntgen mys whereby the 
larticles become positively (diarged and arc* then yirecipitated 
‘l('ctrically. '' 

On the other hand, sev(‘ral methods of preventing ionisation of 
he gas before treat^ient, or removal of any ionis^ition due. to flames, 
vre described. 

The addition of finely divided granular material to the gas betorc 
[reatment in order to assist in bringing down the fine dust is 
[imposed,''’ and also the addition of acid furne.'^ 

Leaching is an operation which is usually regarded as sfi^simpk 
is^ot to require scientific^ study, but thc^ paper by F. G-.T)onnan'' 
chows that it is capable of mathematical treatment reduction 
to scientific forniqjie. This class of paper, to belong also the 
•ontributions of M. B. Donakl and C.,W. ffyson to the histitutioii 
if Chemical Kiigineers,'® on absorption towers and conditions oi 
•onstant flow in filter presses, is very valuable, since every attcrnjit 
to analyse •the fundamental yirinciples which Vindcrl^c^ chemical 
qxuations must bo welcomed. Practical designers of plagi may 
ccoff at these mathematical investigations as not taking •actual 
working conditions sufficiently into account, but gradually theory 

i 

(J.r. 3G9,879. J., 1023, 53(iA. (l.P. 3r)8,307 ; J., 1023, 130a. 

G.P. 304, 430 ; ,/., 1023, 4.33a. K.P. 197,857 ; ,/., 102.3, 090a. 

G.P. 370,090 ; J., 1023, 1008a. ‘ 

^‘•Uffi.P. 1,440,778 ; J., 1923, 340a. 

U.S.P. 1,440,880 ; J., 1923, 169a. 

J., 1923, 440t. 

J'-*/., 1923, 1209a. 
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and ])ractic('. will be brought closer together, witR the result that the 
design of chemical plant will reach as sound and scientific a basis as 
that of mechanical engineering design. ^ f 

Amoiig miscellaneous matters mention may be made of a number 
wof papf‘.r8 dealing withethe causes of explosioms in chemical works, 
explosions in air li(iuefaction apparatus,^*' and dust explosions.^*^ 
The (‘ificiency of different types of agitators is a subject which has 
r(wjvod too little attention, possibly owing to lack of methods for 
making accurate coinjiarisons. E. V. Murphrec has. developed a 
method depending upon the rate of solution of crystals.^® The 
volume of the solution, the weight and size of the crj^stals, and the 
rate of solution ar(‘. di'tcrmined, and from the dp,ta the constant 
leprescnting the w'eight in grams dissolved per sq. cm. of surface of 
crystals per minute per unit concentration difference, can be^ 
calculated. 

High-speed agitation as an aid to reactions betweenu gases and 
liquids has been studied by C. H. Milligan and E. E. Reid.^^ The 
agitator, which consisted of a perforated disc with a bell-shaphd 
projection beneath, ^could be run at speeds up to 14,000 r.p.m.,* 
and the gas was delivered beneath the agitator bell. The speed of 
reac^iott found to vary directly with the speed of agitation. 

"a novel form of agitator for mixing liquids of different densities 
is patented by F. Be Dietrich It is of clongAtod egg shape and 
hollow, th(‘ small end reaching almost to the conical bottom of the 
■vt»svd and having there an orilice through which the heavier liquid 
enters it. Owing to the rotation of the vessel the liquid, both 
inside and outside the agitator, rotates also, and the heavy liquid 
inside the agitator rises by centrifugal force till it reaches a series 
of orifices at the widest part of the agitator near the top, through 
which it is thrown in fine drops wdiich sink through the lighter 
liquid. 

The combined aSt:h>n of centrifugal force and^iin electrical field 
for removing colloid infpurities from liquids, such as used trans- 
former oil is advocated by A. Marx and J. Rozieres.^® One pqlo of 
the elcgtric supply^ is connected to the rotating bowl of ^ centrifuge 
and the otktr to a metallic cylinder placed concentrically inside the 
bowl, i pessure of 40,000 volts being used with electrodes 10 cm. 
apart. * 

20 CJicm., 1922, 35 , 657 ; J., 1923, 1a. 

« IbuL, 1923, 86, 262 ; J., 1923, 587a. 

Chem. Aqc, 1923,8, 54 ; J., 1923, 211a. Jhd. Kng. Clum., 1923* 
15 , 232 ; J., 1923, 330a. KoUoid-Zeits., 1923, 33 , 101 ; J., 1923, 873a. 

i^lnd.'Eng. t’Am., 1923, 15 , 148 ; J., 1923, 253a. 

Ibid., 1923, 15 , 1048 ; J., 1923, 1159a. 

26 U.S.P. 1,464,150 ; J., 1923, 1114a. , 

Comptea rend^ 1923, 176 , 1396 ; J,, 1923, 637a. Chim. ct Ind., 192?. 
10 . 2l8 ; J., 1923, 1005a. 
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An interesting Ihvestigation on Ijie effect of 38 different chemical 
liquids tipon six kinds of wood used for making tanks has been 
made by S. J. Hausef £^d C. Bahlman.^ The absorptive capacity 
xor the different liquids, production of discoloration and taSte in the 
liquids, and corrosion were tested for each kind of wood, and the 
results set out in graphs. 

E. PassbuTg and H. Griffiths have patented a rocking trough 
^paratus^s for obtaining large and uniform crystals. Mention 
was made of this in last year’s Report, but no reference was given. 

C7icm. and Met. Eng., 1923, 28 , 159 ; J., 1923, 211a. 

2«E.P. 204,559 ; J.,*1923, 1161a. 
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FUEL 

Hv l^:r)(;AR (A Eva.ns, B.Sc., M.l M.E. 

i\I( s‘,sr^>\ Hatdijfe, Spmhnan and (^o . Loiidon. 

I’liK continued econoiuic de])rossion in England lias hampered 
large-scale (level(jpnicnts in fuel technology in this country during 
the past year. A considerable amount of work has been done 
on the laboratory and semi-conirucrcial scale, but no new develop- 
ments of a far-reaching character can be said to have taken ]>lace. 
At th(' saine time, other countries more favourably circi\Tnst<anced, 
h^ve inaugurated large-S(;alo schemes whicli promise to bt‘ of 
considerable importance in the future in the rational utilisation t»f 
fu(‘l. 

A general survey of the published work during the past twelve* 
months s«v\'*s to (‘luphasise in a very interesting manner tin* 
divergencies that exist in different countries belween the stand- 
])oints from which tliey regard the fuel question. Problems that 
aii‘ of supreme importance in England are frequently only of 
si^)(irHcial interest to other countries. On the other hand, a study 
of continental and American work emphasises the importance that 
is laid there on asjiects of the subject, which are in this country 
regarded as having only a theoretical interest. . These divergencies 
ar(‘ duo- to a number of reasons, some of them economic, some of 
them due to the character of the fuels available, and others to purely 
social custohi^to methods of fuel utilisation which have becoim* 
almost tradition!ft.^J^i England the universal us<^ of the open fire 
(essentially a wasteful aijd unscientific method of domestic heating) 
has caused particular emphasis to be laid on the pioduction of a 
smokeless fuel. Many attempts have been made to solve this 
jiroblerff^ but the tlifficulties exjierienced have been so^ great that 
it has taken over 20 years of work to bring within sight a solution 
of the problems involved. In this long ])eriod of experimentation 
considerabre resoarch has been done which will ])robably be of very 
great ultimate importance to the fuel industry, and yet, despite 
this, our views of smokeless fuel production have received consider- 
able criticism from continental observers.^ This criticism in itself 
is indicative of the difference in the continental viewpoint from our 
own in so far as fuel research is concerned. Considerable aKention 
appears to have been given in the continental research stations to 

* it. Audibort, l^evuf de Tlndustrie Minerah^ No. 53, March 1, 1923. 
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the production of oil from coal, ^ and the solid residues of coal 
dist\Jlation have frequently been a matter of secondary importance, 
whereas the by-procjucts are of primary value, for this reason 
^uch processes as the Bergius process, wdiich gives a "v^ry high 
yield of liquid distilktes, have received fan greater attention than 
they have had in this country, and similarly the tendency^ of 
continental research has been to concentrate more on the character 
(ff the oils, tars, and other by-products obtained in the distillation 
of coal at various temperatures. 

These national tendencies, however, are really helpful ; they 
enable a far wider held to be covered than would be possible if a 
purely individualistic view were taken, and au annual review of 
this type allows of the co-ordination of the various aspects of the 
work that is bt'ing doiu*. and to some extent liidving u]) the appa- 
jcntly divergent resiarelu^s into a systematic, whole. 

But, wjiilst. there are many aspects of fuel tcchnolbgy whh^h 
are national (in the nanotv sense), in their importance, there p-re 
(Ithers wliicli are international — they affect every fuel-pit)ducing or 
fuel -using country to a greater or less extent. ♦ 

JChe most important of those is undoubte3ly t})c ust; of fuel for 
steam raising, but unfortunately this aspect of the quqgtign has— 
to its detriment — left the domain of the chemist almost cntirfel> 
for that of the engineer, and it, therefore, ^j^rticipates only to a 
limited extent in a modern review of the progress of applied 
chemistry. 

A question, however, which is of vital im})ortance in practically 
every industrial country, is that of fuel consumption and utilisation 
in the iron and steel industry, and for ^at reason a big proportion 
of the world’s work in fuel technology is associated with one or 
other of the various branches of the iron and steel and metallurgicfil 
industries. During the past twelve months a considerable amount 
of work has beqfi published in connexion •^th’^the properties of 
blast-furnace coke, particularly with^refo^ence to the influence of 
structure of the coke on its combustibility. The work that has 
been done in this direction links up in a very interestin^manner 
the confliefing claims of high- and low^-tempershure carbonisation, 
and brings into line the interests of the two great coal-consuming 
i Industries — ^the gas and coke industries — ^^\dth those of the industrial 
and domestic consumer. 

In the light of recent w^ork on this aspect of the fuel question, \t 
is possible to visualise a large-scale process of carbonisation at 
gradually increasing temperatures in which a high gas 3 deld is 
obtain^ at the same time as a high yield of liquid products, in 
which a maximum yield of ammonium sulphate is obtained with a 
inaximtlm of motor spirit, and which results in a hard, dense, 
s^lid fuel possessing physical qualities which make it pre-eminently 
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suitable for blast-furnace work, whilst, at the same time, it has a 
combustibility of an order sufficient to allow it to be u^ed^as a 
domestic fuel. . 

Such a fractional distillation of coal is already in use on a large 
scale in certain coalfields, and it is probable that the future will see 
a rapid extension of this principle, with the result that much of the 
research which is now a matter of academic interest will become of 
ver} considerable economic importance to the great fuel-consuming 
industries. 


Fuel Economy. 

From the general standpoint of fuel economy, it is pleasing to 
note that the average fuel consumption per unit of electricity 
produced in power stations in this country is being consistently 
reduced. From a return issued by the Electricity Commissioners 
in 1923,2 the power production in 1922 showed an increase of 
80? million units or 17-5% ; the fuel consumption showed an 
increase of 203,637 tons or only 3% over the preceding year, whiJk 
the average fuel c'Snsrmption per unit of electricity generated was 
reduced from 3*1 1 lb. to 2-78 lb. The possibility of further imprerze- 
menty Iro^^fer, is shown by the achievement of the North Tees 
Station of the Ncwcastle-on-Tyno Electric Supply Co. of producing 
electricity with a fud consumption of only 1*73 of coal per unit 
— a remarkable result. 

«» i> 


Powi)EREi> Fuel. 

The subject of powdered fuel in steam boilers continues to 
receive ‘■attention. H. Kreisinger and J. Blizzard give results 
obtained in tests at two American plants.® One of the plants 
mentioned, installed at the Lakeside Station of the IVIilwaukee 
Electric Railway and Light Co., is particularly interesting. This 
furnace had a water scr€3n connected with the boiler which acts 
as an absorber to some extent of the heat radiated from the 
bottom nf the furnace. The furnace also is hollow- walled, which 
reduces radirtion fosses, and the furnace air is heated"' to a tem- 
peraturt^ of about 230® C. The overall efficiency of the boiler 
and ecoi'iomiser is over 90% of the net calorific value of the fuel, 

D. Brownlie* gives further particulars of this plant and adds 
some valuable data regarding labour costs, auxiliary power con- 
sumption, maintenance cost, and capital costs of powdered fuel 
firing. He advocates the use of pulverised low-temperature coke 
for steam raising. 

*H.M. Stationery Office, White Paper, March, 1923- 

* Colliery Otiardian, Feb, 2, 1923, pp. 263-264. 

* Tram. Jvet. Elect. Eng., Oct. 3, 1923 {Advance copy). 
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J. T. Puim® gav# comparative figures oi costs oi powaered fuel 
and splidi fuels for reheating furnaces at a British steel works, 
which illustrate the %dvantages of powdered fuel ior this type 
of work. 

J. S. Atkinson® in & general paper draws attention to various 
aspects of powdered fuel production and utilisation, including 
preliminary drying, grinding, combustion, and ash handling. 

in connexion with the utilisation of pulverised low-tempcrattire 
coke for steam raising, the Ford Motor Co. of Canada is building 
at Detroit a ^jlant with an initial capacity of 400 tons per day, 
which ultimately is to be increased to 2400 tons per day. Of 
yiis it is proposed to use 1800 tons for the boilers, while 600 tons 
will be used in the production of briquettes for domestic and 
industrial purposes.’^ 


Peat. 

Whilst not of outstanding commercial importance in finglanA, 
the (luestion of the production of a high-gradft fuel from peat 
has considerable potentialities in other coifntries and work is 
bein| actively pursued in many directions. The ,qgp8tion is 
important in Canada owing to the dependence of the industrial 
sections of Ontario and Quebec on fuel imported from the United 
♦States.. In an interim report of the Canadian Dominion Fuel 
Board® surveys of peat resources amounting to approximajelj^ 
200,000,000 tons are mentioned. An outline description is given 
of a method of producing air-dried peat, and a scheme is con- 
templated of 20,000 tons per amium capacity. 

The Fuel Research Board has issued afi exhaustive report^n the 
production of air-dried peat® containing the results of investiga- 
tions by E. J. Duffy and P. F. Purcell on the air-drying of peat 
in this and other countries. A pessimistic viey-#-is taken of the 
possibilities of th(f drying of peat by heat. " , 

J. W. Hinchley^® gives particulars 6f some interesting work on 
the reduction of moisture in peat by pressure. After warming 
to the boilhig point of water, suitably applied pressure rfeing to 
i ton per sq. inch reduced the moisture content M 3^% to 
50% with different peats. With cold-pressing of SomersdJ peat 
the percentage of moisture left was 75%, but wj^)h h«t-pressing 
this was reduced to 50%. Further drying to 30% moisture could^ 
be effected by waste heat. Calculations are made of the energy 

* Iron and Coal Trades RevieWy April 13, 1923. 

“ /6tcL Dec. 22, 1923. 

’ CheA. and Ind.y 1923, 1166. 

* Trades Review, July 13, 1923. 

" H.MT Stationery Office, 1923. 

“J., 1922, 365t. 
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consumption of the ])rocess, ^nd estimates of the cost of plant 
and of Generations are given. « , 

J. C. Morripon^* subjects the. ])eat to ^pri^ssure and suction to 
reduce \he moisture from 80% to 50%. The semi-dried peat Vs 
then furtlu?!' dried to about 20% of moisture by hot air and sul)- 
seguently briquetted. In a private communication to the UTiter 
the inventor claims to have proved the process commercially, and 
states that the cost of a complete plant is approximately Slo0,0t)0 
for a unit having a capacity of lU() tons a day. 

Lkjnitk. 

The subject of th(‘ utilisation of lignite is refeiving considerable 
attention in many countries. The French Commission on Cai- 
bonisation ^2 (‘xamined the French resources in lignites, and^ 
states that systematic work is being ])erformed on the lignites of 
that country. 

'W. A. •-Bone^'* records results of carbonising tests on air-dri^d 
lignite movturc) at. various temperatures. Carbon dioxide, 

and steam weit^ evolVed below 375^ C., methane and unsaturated 
hydrocartoi^s between 375° and 500 \ Hydrogen was not pro- 
duced until a tcmp(‘rature of 5(K)° was reached. The first oil was 
obtained at 375°. He suggests that th(‘. intensity of combustion 
of the lignite be increas(‘d by subjecting it to a preliminary heating 
below 400°. 

^tIicsc results arc*, of course, characteristic only of the lignites 
examined, as lignites differ so considerably from one another. 
For example, in a test made by the writer on Czecho-Slovakian 
lignite, k oil was evolved at* a temperature of only 238° C., and at 
330° a quantity equivalent to nearly 9 gallons per ton had been 
given off. ^ 

In a later repijrt on illoorlands lignite^* laboratory and large- 
scale testst, on this* material are described. Du?t- firing trials on 
about 4 tons of fuel gave dilappointing, results, and difficulty was 
experienced in securing the (tomplcte combustion of the fuel when 
in suspension. « % 

C. ^JngMard^^ describes an interesting gas producer using 
lignite ^as a fuel. A fuel column of only 80-100 cm. was used 
with an aavi zoqe of 5-20 cm. and a combustion zone of 20 cm. 
To overcome the disadvantage of crumbling to powder which 
occurs with some lignites on drying, it was found preferable to 
work with the wet material and to dry the gas produced. 

» U.S.P. 1,450,102 ; J., 1923, 438a. 

Iroti and Coal Trades Remew. May 11, 1923. 

J. Roy. Soc. Arts, 1923, 208 ; J., 1923, 255a. 

Iron and Coal Trades Review, Sept. 7, 1923. 
angew. Chem., 1923, 86, 98 ; J., 1923, 256a, 
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OiL Shales and Liquid Fuel. 

T1i£* slibject of liquid fuel is a vitally important one in the 
;^litical economy ofi most countries, and the chemical^ aspects 
associated with its production and utilisation are worthy of serious 
attention. 

The question of oil shale distillation is growing in interest, and 
chemists in different countries are investigating the problems 
afeociated with oil shale treatment. The future importance of 
these materials can be gathered from the statement by R. H. McKee^* 
that one field, alone in the United States would yield eight times 
the total production pf that country since the first oil well was 
,sunk. In this arfcit'lc he reviews the liquid fuel situation from an 
oil-sliale standpoint, and summarises some of the work done on the 
I subject. He points out a fact that cannot be too frequently 
emphasised, that the retorting of each shale is a separate problem, 
and oensiders that the large-scale retort suitable for handling 
American shales has yet to be evolved. On the experimental 
siUc, the researches of R. H, McKee and R. T. Goodwin^’ had shown 
•that shale distillation was endothermic and .there was absorption 
of Jncat averaging about 160 B.Th.U. per pound of shale. No 
fractional distillation of the shale took place, but the IfifSt product 
expelled was a semi-solid bitumen which by subsequent cracking 
yielded oil, The^ authors obtained a p«)duct intermediate 
between the kerogen of the shale and shale oil by distilling oil 
shale under reduced pressure. This was a highly unsaturtit^ 
material, but by heating at atmospheric pressure it became more 
saturated. Alternatively when the shale was distilled at atmos- 
pheric pressure, the oil was much more saturated, shale thus 
behaving in exactly the reverse way to petroleum. 

,Much work has also been done on retorting processe^, but up to 
the present no new development has taken place to merit any 
detailed attention. A big step forward hac been taken by the 
recognition that every shale present^ its-own problem* and it is 
probable that two or three different types of retorts will ultimately 
be required to deal with the specific types of shale that exist. 

Renewed* attention has been given during the past^year to the 
hydrogenation of oils and solid fuels. H. G. Shatwell^* ^ves a 
brief review of the subject with an excellent series of r^ereSices to 
patents and publications dealing with this important question. The 
primary work, of course, was done by Borgius, and this process was 
reviewed by J. I. Graham and H. G. Shatwell.^® The hydro- 

Chem. and Ind.y 1923, 193. 

Eng. Clwm.. 1923, 16, 343 ; J., 1923, 483a. Sm also M. J. Gurvin, 

V.S.\^ureau of Mines BiUl. 210, 1922, 179-189. 

“ Fnel, 1923, 2, 229. 

Fuel, 1923, 2, 64 ; J., 1923, 341a. 
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gonation of coal by the Bergiijs process has, us yet, only been 
perfornied on a senii-commercial scale. It is possible, ho\|jever, to 
treat coals containing less than 85% of carbop at a temperature of 
approxiifiately 400° C., and pressures of 40 to 200 atm., with A 
jiroduction of saturated hydrocarbons similar to petroleum dis- 
tillfites, together with phenolic compounds, which carry most of 
the oxygen present in the coal. In the treatment of coal the 
opefation is performed in two stages. In the first stage a mixtuie 
of two parts of raw coal and one part of oil is hydrogenised, resulting 
in the production of 87% of oil, the remaining 13% being gas and 
loss ; 50% of this oil is used to treat a further quantity of coal, 
whilst the remainder is “ Berginised ” separately. The ultimate 
result from one coal tested was the production of 81% o^ 
“ Berginised ” products of an average density of 1-047, of which 
27*2% has a density of 0-917 and a boiling point below 230°. 

The hydrogenation of oil, however, has been wt)rked on a com- 
mercial scale. The oil is treated in a double- walled autoclave, 
nitrogen, at a high temperature and a pressure equal to that of the 
hydrogen, and oil being circulated through the outer chamber ; by 
this method a uniform temperature condition can be maintained, 
while tlje vail of the bomb may be much less massive than would 
1)4 required otherwise. The principal objections to the Bergius 
process in the past have been the capital (^ost of the plant- and the 
length of time taken by the reaction. 

I The process has been investigated in considerable detail by 
continental experts and their views are extremely favourable. 
P. Erculisse^® deals exhaustively with the production of liquid from 
solid fuels and emphasises the commercial importance of the 
Bergiub process. 

The Soc. Finanyicre de Transports et d’Entreprises Industrielles^of 
Brussels, has made an exhaustive investigation into the process, 
and by their perinission, the following data have been taken from the 
reports of* their experts Generally speaking, the Berginisation of 
a heavy oil yields 30% of light spirit, 30% of fuel oil, 30% of Dric oil, 
and 10% of gas. The quantity of hydrogen required is approxi- 
mately'! % for heavy oils, 2% for liquid tar, 3% for co!ce-oven tar, 
and 4% for coal. The calorific value of the products is greater than 
that or the materials treated, despite the fact that the reactions are 
exothermib. This is due to the recovery to a great extent of the 
latent heat of the hydrogen. 

The process they consider to be technically perfect, the only 
portion where much improvement is possible being in the cheapening 
of the cost of hydrogen production. As pure hydrogen is not 
required, they consider that the utilisation of hydrog.n from 
coke-oven gas offers the greatest possibilities in this direction. 

Bull. Soc. Bh<jc Ing., 1923 , 4 , [ 1 ]. 
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The capital co^ of a plant to treat 100 tons of oil per day of 

24 hpuri is approximately £160,000. Working costs calculated on 
Belgian figures are oi a .character wfiich show a good profit on the 
Sapital outlay required. These figures are to a certain extent 
estimates, but they* are submitted by independent experts of 
high standing, and indicate that the process, apart from its inter- 
esting theoretical character, is one of which the technical and 
commercial possibilities require very serious consideration. * 

The great disadvantage of the Bergius process lies in the high 
pressure and temperature and prolonged period of treatment 
required, and for that reason numbers of inventors have suggested 
^the use of catalysts^. *^cveral of these were meiiLioned by Shatwell 
in his review of the subject,^® but the following additional ones may 
^ be of interest. 

M. Melamid,^^ using tin-lined vessels, claims an 80-9()yo conver- 
sion of he|ivy oil into oil of low boiling point, with a pressure of 
only 10-20 atmospheres and a temperature of only 250®-320*C. 
'rtie tin acts as a catalyst, while tar oils or mineral oils maybe used. 
• 1:1 . Plauson and J. A. Vielle,^^ using nicke^ or Nickel steel tubes, 

foiuid that the pressure required for hydrogenation of coal varied 
with the temperature. Thus at 600° C. only 50-60^atan.. was 
nec essary, but at 400° about 150-200 atm. was required. * 

An interesting jprocess in which the addiiion of hydrogen is 
dispensed with is being developed by G. P. Lewis.^® In this 
systc'm, which applies particularly to lignites and peat, the «olid 
material is ground to an impalpable powder, suspended in mineral 
oil, and then passed through tubes at a pressure not exceeding 

25 atm. and at a temperature of approximately 500° C. A 
Canadian lignite treated in this way gave an oil yield of 68^ gallons 
per ton, of which 12-2 gallons was motor spirit, whilst nearly 80% 
boiled below 300° C. By the addition of a suitable cafalyst to the 
mixture of coal a^d oil the yield of motor spirit it? almost doubled. 

Generally speaking, whilst large-scale 4 )lants have •yet to be 
erected, the hydrogenation of solid fuels offers extremely important 
possibilities, especially in the treatment of fuel of recent formation, 
and in manj^ cases give promise of being, when pAiecte^ga valuable 
means of utilising deposits which are at present difficult to^xploit 
on any extensive scale. 

Coal Analysis and Testing. 

The need for a standardised system of coal analysis has been 
long felt, not only by scientific workers on coal but by the com- 
meicial^terests involved in handling the material. 

“E.P. 171,367 ; J., 1923, 218a, 

“E.P. 182,852 ; J., 1923, 693a. 

« E.P. 175,670 ; J., 1922, 283a. 
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For this reason the recent report by the Fuel*Research Board^^ 
on methods of coal analyses will be welcomed. It is to be hpped 
that the methods suggested will be upiwrsally adopted by 
British ciiemists in order that results from different laboratories 
may be standardised as much as possible. » 

Of growing importance in this direction is the necessity of a 
standard method of determining the caking index of coal. The 
mctliod suggested in the report is a modification of the Campredoti 
test, in which the weight of sand which can be bound into a coherent 
coke by unit weight of coal is determined. Further Retails of the 
method have been given by T. Gray,^^ and it is stated that results 
show a surprisingly close agreement with l^hose obtained by, 
heating ground coal in cotton bags in a coke-oven. 

The uncertain factor is, of course, the sand, and different . 
sands give, different values for the caking index. In a brief review 
of the subject^® A. Badarau and F. Tideswell have suggested the 
advisability of determining a “ caking power curve ” for each 
coal, from a detei^mination of the crushing strength of a range of 
mixtures of coals and inert materials. 

Electrode carbon, the use of which had been previously ^g- 
gtxjted fey F. S. Sinnatt and A. Grounds, was used as an inert 
material, and it was found in a series of tests that there were two 
types of coal : (1) coa^s of high initial coking strcRgth which rapidly 
f^Us on addition of inert material, and (2) coals of low initial 
coking strength which rises on addition of inert material. The 
change from the first to the second type seemed to follow a decrease 
in the oxygen content of the coal. Other papers weie read on the 
subject, at the Congres de Chauffage Industriel in Paris by J. 
St, Clair-Deville^® and A. Meurice^® and these emphasised the 
necessity fo(r the determination of crushing strength. 

The methods cuggested are all of service in so far as existing 
methods of coke manufacture are concerned. Tfhey give an idea 
as to whether a coal can be Carbonised in an existing coke oven to 
give a coke suitable for blast-furnace work, but they are all more 
or less Empirical. • The character and strength of a (^.oke can be 
modifi^ so ‘profoundly by the preliminary treatment of the coal 
(grindijg and briquetting) and by the method and rate or tem- 
])erature di carbonisation, that considerable further work on this 
▼ery iitteresting subject is desirable. 

** “ Physical and Chemical Survey of the National Coal Resources,*^ 
Fuel Research Board, No. 2, H.M. Stationery Ollice. 

“ Fuel, 1923, 2, 42 ; J., 1923, 341a, 

Fuel, 1923, 2, 61 ; J., 1923, 537a. 

« J., 1920, 83t. 

1923, 2, 290. 

1923, 2, '306. 
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The accurate determination of the specific gravity of coal is of 
iiiipprt%nce in connexion with coal washing, and the paper on 
this subject by T. J^^Drakeley and W. 0. Jones’*® welcomed 

*by coke-oven chemists and others engaged in this brai«jh of the 
industry. • • 

Useful work has also been carried out by G. Coles’*^ on the specific 
heat of coal. The gencrrl character of the effects of the moisture 
«()ntent, volatile matter, and carbon : hydrogen ratio has •been 
determined. The work should be of value in coimexion with 
investigations on the spontaneous heating of coal, and to a lesser 
extent in investigations on thermal phenomena of coal carbonisation. 
(8e^‘ also Fud, 1923,* 2, 152, 180, 208, ;U7, 339, 344, 362, 373.) 


Constitution of Coal. 

The vexed question of the constitution of coal has cpntinued to 
receive (t)nsiderable attention during the past year. In a series 
pf papers on the spontaneous combustion of coal in reUtion t6 its 
composition and structure, M. C. Slopes and V. Wheelers’^ have 
taken the opportunity of giving a review of modern ideas of coal 
cefnstitution and particularly of the properties of the four con- 
stituents of banded bituminous coal, vitrain, durahij’clsft'ain, |in(i 
fusain, and the influence of these ingredients on spontaneous 
combustion. TIms the high rate of oxygei! absorption at com- 
paratively low temperatures of fusain noted by Tideswell and 
Wheeler is mentioned, but doubt is expressed whether fusafti Had* 
a preponderating influence once heating had begun, as the other 
constituents—ospecially vitrain and clarain — ^were more readily 
oxidised at a later stage. The physical structure of the various 
components probably accounted for the difference in absorption 
power. ^ 

The influence of fusain is emphasised by the work of F. S. 
Sinnatt and L. Slater®’* on the spread of propagation of combustion 
in coal. Fusain is the most friable f)orti©n of the coaf, and it was 
found that the degree of fineness of the coal played an important 
part in determining the speed of propagation of ^ombusticii through 
the mass. Results contrary to the above views have bten obtained 
by J. I. Graham,®* the oxygen absorption observed by Bim with 
fusain at low temperatures not being nearly so gr^at those 
found by Tideswell and Wheeler, probably owing to the size^of* 
the particles adopted by the latter and partly to difference in 
composition of the fusain treated. 

J„ 1923, 163t. 

1923, 435t. 

Fuel, 1923, 2, 29, 83, 122 ; J., 1923, 537a. 

3’* Fuel, 1923, 2, 211 ; J., 1923, 876a. 

Colliery Guardian, Nov. 16, 1923. 
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Graham found, however, that the samples ox fusain examined 
by him absorlied oxygen at low temperatures at a lower mte^than 
that shown by, coals liable to spontaneous combustion. 

In discussing this ])aper R. V. Whccler^^ considered that the 
dinorences observed W(krc due to the diflerence in the temperatures 
adopted. In the oxj)eriments of Tid(^swell and Wheeler a higher 
temperature was used than in those of Graham. There does 
seen; a likelihood that fusain plays the part of the “ villain of tlie 
piece,” and further \vork on the subject is looked forward to with 
inter(‘st. 

The extremely valuable results obtained from the ])a]a) 0 - botanical 
examination of coal s(*ctions an* now universally recognised by^ 
fuel technologists, but the preparation of these si>eeimens requires 
a degree of manipulative skill which the average chemist has not ^ 
generally the tiim^ to acquire. Further difliculties have been 
experienccvl in [)rt!])aring suitable sections from stc^am^^coajs and 
anthracites. For this reason the methods suggested by 
H. Wintef^^ of examining microscopically the coal by reflected 
light are of consid(*rablc interest. After grinding and polisliing * 
and etching with a suitable reagemt, it is possible to distingiysh 
clearly in ^^icny cases the plant striudures (])ollcn grains, seeds, 
•spores, etc.) in the coal. 

This matter lias been quickly followed up, ^id C. A. Seyler^^ 
describes the result of an examination of dull and bright anthra- 
citeSc The bright coal showed every appearance of spore 
structures similar to those of durain. Pull anthracite coal fre- 
quently contains bands showing cellular debris. Fusain is often 
present in anthracite and, cell structure is clearly evident. The 
banded ' constituents of coal therefore persist in anthracite, and 
the fact will have an important bearing upon the theory of 
anthracitati6n. 

Chemical methods of attacking the problems of^coal constitution 
have been ‘ followed up^by ^icvcral observers. A. R. Pearson^® 
considers coal to contain (1) resinic compounds soluble in pyridine 
and chlgfoform, and (2) condensation compounds of^ celluloses. 
He gives te*-these^the name “ ultrahumiiis,” and classifies them 
into and y-ultrahumins ; ultrahumins which are not resinic 

are insoluble in pyridine ; p- and y-ultrahumins are soluble. 
The diflicutty of removing pyridine from these extracts is well 
Imown, and, unfortunately, prolonged heating to remove jiyridine 
destroys coking properties, which a- and j3-ultrahumins possess. 
It has been found possible, however, to replace pyridine in the 

Iron and Coal Trades Review^ Doc. 14, 1923. 

Fuel, 1923, 2, 78 ; J.. 1923, 537a. 

Fuel, 1923, 2, 217 ; ,J., 1923, 87(i\. 

1923, 68t.«' 
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adsorption completes, and derivatives ol delimte composition nave; 
been.pr^uccd in this way with sulphuric acid — called oxahumtns 
— and from these brc^iinated derivations have been formed. The 
ionclusion is arrived al that the ultrahumins contain «a stable 
molecular nucleus of which nitrogen is probably a constituent 
element. 

F. V. Tideswell and K. V. Wheeler^® have examined the dop- 
pierite found in peat beds. The material is essentially a mixture 
of acid anhydrides, the original lignone and cellulose groupings 
being preserved and new ring compounds of the pyrrole and 
fiirmi series *arc also present. The substance is similar to the 
" vitrain ” of bitunfinous coal in many ro;;pects. Somewhat 
similar material Has been examined by W. Schneider^® and 
tl. Winter.^' 

Tlie extremely interesting controversy that has been raging 
r(^gar(Jing^ the parent typo of substances in a coal continues. 
F. Fischer and H. Schrader have elaborated into a pamphlet 
their reasons for the view that the parent substance in Wtuminous 
coal is lignin and not cellulose. They hav« continued their 
researches with the adoption of the follbwing methods : — (1) 
x\ciion of solvents ; (2) action of alkahs ; (3) pressurg. oxidation 
of peat lignites and coals in the presence and in the absence •of* 
v.irious oxides ; (4) low* temperature dijjjiillation of those 
materials ; (5) tlft study of the products of decay of vegetation, 
cellulose, and lignin. This work points to the existence of an , 
essentially aromatic structure in coal which would agree with the 
hgnin derivation theory, whereas cellulose derivatives would 
have a fur an structure. 

in a review ot the work of Fischer and Schrader, D. T.#Jones^^ 
points out that the di’astic chemical methods adopted by these 
observers would have a tendency to modify the stnibture of the 
residual materia^ and that in the conditions of the experiment 
the aliphatic compounds would become jjpnverted ink> aromatic 
ones, so that the theory is not proved from the chemical stand- 
point. Another point of view is submitted by H. J. Page.^^ From 
the standjlbirit of the soil chemist he has revtewed the Evidence 
for and against the cellulose and lignin theories, but the insult of 
this analysis again must leave the verdict as “ not proven^” The 
work of A. Pictet on the distillation of lignin has*also been briefly ^ 

Chem. Soc. Trans., 1922, 121, 2345 ; J., I:l23, 83 a. 

Ocs. Abhandl Kennt. Kohle, 1920, 5, 541 ; J., 1923, 130a. 

« aiiickauf, 1922, 58, 1533 ; Fuel, 1923, 2, 58. 

1922, 2, 93, 133. 

Abhandl. Kennt. Kohle, 1920, 5, 1, 34, 37, 40, etc. ; J., 1923, 3a, 
4a, 130a, 131a. 

** i'uel, 1923, 2, 387. 

*^Fuel, 1923, 2, 232. 
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reviewed by I). T. Jones/* and this again seems to indicate that 
the conclusions of Fischer and Schrader are premature. 

This subject, however, is extremely fascinating, and whethe,F 
cellulose* or lignin ultimately prove to be the parent substance of 
coal, a vast amount of useful knowledge is' being gained which 
will he of Ht'i vice to the chemist. (See also Fuel, 1923, 2, 93, 95, 
106, 167, 387.) 


Low -Temperatuuk Carbonisation . 

The carbonisation of coal at low tem^ieratures occupies a 
position intermediate between that of the hydrogenation or other' 
treatment of coal for the production of liquid fuel and its treat- 
ment for the production of a high-temperature coke. In many 
cases, where solid fuel is cheap and liquid fuel expensive', it is 
economic to regard low-temperature carbonisation siiiipl/ from 
a fuel oil ^standpoint, and to consider the carbonaceous residue ^s 
a by-product. In England, on the other hand, the production of 
a hard, smokeless, free- burning solid fuel is the primary considera- ‘ 
tion, whilst the liquid and gaseous })roducts are m(‘reiy ♦by- 
products. " 

'Low-temperature carbonisation sehemcb must therefore be 
considered from onO or other of the above vk'w points, and the 
particular system of retorting to be adopted in any jiarticular 
c«se< might very well depimd on the market (ionditions at the site 
where the scheme is ado}>ted. 

During the past year the growing literature on this subject has 
been added to by descriptions of a few new' retorting processes, 
some o’f which present novel features, and by the extension of 
already existing systems. *■ 

Low- Temperature Carbonization, Ltd.,^’ announce that their 
Barnsley plant is to be increased to 500 tons a daj capacity. They 
claim the following yields on,a throughput of 8230 tons of coal ; — 
Smokeless fuel, 6210 tons ; tar, 172,565 gallons ; gas, 38 million 
cubic fept of over 800 B.Th.U. per cubic foot. ^ 

A low-tourperature scheme of considerable magnitude is being 
develojl^ed by the Henry Ford Co., at Detroit. The process used 
is the Piron ” system, developed by A. V. Caracristi. In this 
process^® tJie cokl is coked on a movable conveyor composed of 
joined metallic plates. These are lieated by means of a lead bath, 
the temperature of which can be controlled within narrow' limits. 
The coal is charged in very thin layers, so that the rate of car- 
bonisation is very rapid. The solid fuel is a semi-coke wi:;ich can 

Fuel, 1923, 2, 387. 

« Chetri. and Ind., 1923, 1100, 

^*fron and Coaf Trades Review, August 24, 1923. 
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be easily pulverisdH, and it is proposed to use the Taulk produced 
as a pomiered fuel, the remainder being briquetted \>ith a binder. 
A process of anothemtype has been suggested by »T. S. Morgan*® 
in which the coal is passed directly on to a lead bath, it is not 
stated whether this has been tried out on* a semi-commcrcial or 
commercial scale. 

A process of somewhat novel tjrpe has been patented by H. 
Ik)ppers,^® in which the heat is imparted to the charge bj^ means 
of steel balls of 100-125 mm. diameter, which have been pre- 
heated to a temperature of say 800° C. These are charged with 
the coal into a revolving drum ; after they have given up their 
Jieat, the pulv(;rised coke formed is discharged through a screen 
whilst the steel balls are returned to the pre-heating furnace. 

In the above processes the coke is produced in powdered form, 
and if re(iui]’ed as a solid fuel for domestic or industrial purposes 
must be Iviquetted. 

A. Thau®^ describes the Fellner and Ziegler rotary retort, which 
is working at Gelsenkirchen on a throughput of over 80 tons of 
coal per day. The large coke produced is gasftied in producers, 
wiliest the small coke is briquetted. 

The production of saleable lump coke by low-tempetature car- 
bonisation in vertical retorts is dealt with by the Fuel Research 
Board. In a seizes of experiments made iif^ continuous vertical 
retorts, using a mixture of 60% of caking coal and 40% of non- 
caking coal in the uncnished state, a good coke consisting of krge 
conglomerate masses was produced with the production of about 
20% of breeze. When made at 770° C. the combustibility of the 
fuel was high enough to allow it to bo used in open grates. It 
was found very advantageous to use steam in the process, and this 
decreased the proportion of breeze, increased the yields of tar, gas, 
and sulphate, and increased the throughput. A useful feature 
of the tests mad^ consisted of determinations of the heat required 
for carbonisation with varying perce^'tageis* of steam. The retorts 
used were externally heated and had a throughput varying 
from 1‘74 J;o 2 tons a day. The retorts used were, o{ course, 
designed for high- temperature work, and it is suggested that 
cast iron or mild steel retorts would be more favourable {b good 
working. c 

The best results from every standpoint (including that o)[ 
thermal efficiency) were obtained when u maximum quantity of 
steam was used, and it might be of interest to compare the results 
obtained with those in a plant of somewhat smaller capacity — 1 ton 

and Coal Trades Review, April 13, 1923. 

®«E.P. 184,144 ; J., 1923, 442a. 

Iron and Coal Trades Review, April 6, 1923. 

“ Technical Paper No. 7. H.M. Stationery Office. 
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a .day — by E. R. Sutcliffe and the writer, in which steam alone 
superheated to 750° was utilised as the heating medium, no 
external heating being employed. ^ k 
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A feature of the above results is the high gas yield in an intemaily- 
heated retort at the comparatively low tempei;ature used. To a 
slight extent a water-gas reaction is taking place between the 
steam and solid carbon, but This in itself would not account for the 
increased yield, and there seems a probability of interaction of 
steam ^ith the -N'olatile hydrocarbons left in the coke, facilitated by 
the reactivity of the coke made. Useful particulars are given by 
the E^iel Research Board of the distillation and washing tests of the 
tars madcf < 

Very little systematic work has been done in England on low* 
temperature tars, but research has been actively pursued on the 
Continent on the character of these products. The character of the 
tars produced varies considerably with the character oL the coal 
used, the retorting temperature and the type of retort u^. The 
complex nature of this subject can be gathered from an examination 
of some of the continental work on the subject. 
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E. Fromm and If . Eckard*^® found that two geologically similar 
lignites gjive two dissimilar tars in the same retort, differenges 
existing in the neutrcj, basic, and acidic portions. . These differ- 
eifbtjs were attributed to dissimilar botanical origin. 

Low-temperature tars have been obtained by F. Fischer and his 
collaborators, which differed very considerably from those obtained 
by F. Schiitz and his co-workers.®^ These differences were attri- 
buLd by Fischer to overheating in the case of tars tested by 
Schiitz, but the latter worker disagrees with this suggestion and 
it tributes the differences observed to the method of treatment of 
I he tar adopted by Fischi^r. A detailed examination of these 
results is out of place iA this brief note, but the p. hit is mentioned 
n view of the ultimate importance of the subject, if and when the 
iow-iemperature or fractional distillation of coal is embarked upon 
)ii a large scale. 

Gencfalljr speaking, the i>osition with reference to low-temper- 
iture carbonisation is that whilst many processes are now being 
worked on a semi-commercial or small commercial scale, ‘not one 
[jias yet attaijied the jxisition of being able to publish a working 
balance sheet actually showing a profit on continuous working over 
i jirblonged period, and, until that can be done, rapid extension of 
my process of smokeless fuel production can hardly be looked fon. 

The general tendency in most recent work^s to carbonise at 
aicdium temperatures (700°-750° C.) rather than to limit the 
t/cmperatures to 500° or so, as suggested by earlier workers. Th^ 
i^olatile matter in the coke produced is, of course, considerably 
■('duced, but by due attention to the preliminary preparation of the 
oal and by the utilisation of suitable types of coal, the combusti- 
bility of the product is still maintained at a point which •would 
dlow of the resulting fuel being used in the domestic grate. 

Blast-Furnace Coke. 

Ihe continued depression in the iron and steel industry has 
stimulated investigations into methods of reducing the fuel con- 
sumption in*the manufacture of pig iron and st^l. TJi^ ffasis of 
die iron and steel industry is, of course, furnace coke, and»more 
md more emphasis is being laid on the necessity of purity and 
Teedom from ash and sulphur in this material. The effect of these 
ngredients is cumulative in so far as fuel consumption in blast-** 
urna^e practice is concerned, and a high ash or high sulphur con- 
sent in the coke increases the fuel consumption much more than the 
amount ^atis actually required to fuse the ash or to eliminate the 

1923, 56, 948 ; 1923, 488a. 

^*Ber,, 1923, 56, 1G2, 601, 869 ; Brmnstqff-Chem., 1923, 4 , 49, 84 ; 

17r)A, 261 a, 343a, 344a, 488a. 



28 K^J'OBTS OF THE rjpOOKESS OF APPLIED CHEMW^llY. ' 

• ( ' 

sulphur as the case may be. For this reason, considerable attention 
is now being given to methods of reducing the proportion (jf these 
ingredients in coke. 

The 'problem of eliminating shale from finely-divided coal can 
now be regarded as solved, and this in itself allows of the pro- 
duction, without excessive loss in washing, of a product of much 
lower ash content than was formerly possible. 

' By the use of a Draper fine coal washer, one South Wales coking 
installation is turning out coke with a guaranteed ash content- of 
less than 7%, which is a marked improvement on results obtained 
in the past. 

The washing of coal fines is not an easy operation, and the 
difficulties involved, together with the theoretical principles, are 
discussed by L. Lococq.®® Particulars of various types of coal 
washers are given together with a detailed description of the 
RluhlaVeur system. 

, A process of an entirely different type is that of froth flotation. 
This process is able to treat coal in a fine state of subdivision, but 
difficulties have 'been experienced in the past in de watering tl>e 
concentrates obtained. These, however, have now been overcome 
by a process^® of flocculating the coal concentrates with tar arid the 
flke and extruding the water by a pressure of about 2 tons per 
square inch. According to another process,®’ economy in the use 
of tar is obtained by separating the most finely-divided part of the 
rcoal, flocculating this with tar, and finally mixing the flocculated 
fines with the coarser coal and subjecting the mixture to pressure. 
The process requires the use of only a small quantity of oil, but a 
process at the other end of the scale, the Trent i)rocess,®® necessitates 
the Uije of a considerable proportion of oil. An interesting com- 
parison of the two processes was given by 0. C. Ralston,®* and it 
is suggested that the two processes could be used to supplement 
one another, the froth flotation system being used with coals down 
to the siiie of “ slime ’ and the Trent process for the latter product. 
The Trent process, however, suffers from the disadvantage that’ 
the oil-coal “ amalgam ” produced has to be distilled if the oil is 
to be recjpyered.*’ ® 

Aj. interesting method of dr 3 dng washed coal fines is that of 
R. Fabry,®® in which the coal is dried centrifugally, in a 
continuohs maohine. 

‘ These new developments in coal cleaning are of considerable 
promise to the iron and steel industry. They allow of the pro- 

Fticl, 1923, 2, 255. 

W. Broadbridgo and others, E.P. 193,947 ; J., 1923, 438a. 

W. W. Steiming and others, E.P. 193,466 ; J., 1923, 392a: 

58 Of. E.P. 151,236 and 183,430 ; J., 1921, 684a ; 1923, 392a. 

58 Colliery Que^ian, Fob. 9, 1923. 

**8 Of. E.P. 182,006 and 202,910 ; J., 1922, 621a ; 1923, 1062a. 



29 


FUfIL. 

duction of a cpke of increased purity, with a consequent decrease 
in the^fuqj consumption per ton of iron made. 

^Another factor of ccmsifierable importance is the sulphur content 
in the coke. A high-sulphur coke adds considerably to the fuel 
consumption in iron manufacture, and with the decreasing supplies 
of high-class coking coal, the trouble is already becoming acute 
in certain districts in this country. 

the work of A. R. Powell®^ on the question is extremely useful. 
He has found that sulphur exists in coke in three or perhaps four 
forms, viz., ferrous sulphide, adsorbed free sulphur, sulphur in 
solid solution, and svlphates. Of these the ferrous sulphide 
m the easiest to ecliminate. It is removed to some extent 
during the coke -quenching operation ; it can be completely 
oxidised at 500° C., and is partly removed by the action of 
hydrogen on the incandescent coke. The removal of the other 
forms t)f sulphur from coke, however, is difficult, and much 
more promise is attached to its elimination from the coal, prior to 
coking. 

f * 

A. Lissner®^ states that the removal of sulphur from coal is 
impfacticable, except in the case of inorganic sulphur (pyrites etc.), 
which can sometimes be removed by elutration. Organic Sulphur 
is difficult to separate. Organic solvents have no selective action 
on the sulphur-besBling constituents, and only*^the most vigorous 
action by bromination or oxidation at 250°-270° C. had any 
eifect. *■ * 

The writer has found that coals differ very considerably in so 
tar as sulphur removal is concerned. Inorganic sulphur in the 
form of pyrites can be separated by fine grinding and washing in 
a suitable apparatus, while organic sulphur can frequently be 
considerably reduced by fractional distillation of the coal in steam. 
Thus, in one caso^a coal of 3% sulphur had a content of only 2% 
after grinding and washing, whilst this coal when heated to 
800°-900° C. in a current of steam ga’^fe a coke with only 1-15% of 
sulphur. In another case, a Yorkshire coal carbonised in steam 
at 700° C. by the Sutcliffe- Evans process gave a coke containing 
1*19% of sulphur as compared with 1*92% in the coarand J*55% 
in a coke made from the same coal without steam. Simil|,r pro- 
cedure with other coals, however, has not given such favourable 
results, and a good deal depends on the tyi'^e of coal treated. The 
problem is an important one and there is room for considerable 
work in it. 

J^^imer. (Jhem. Soc., 1923, 46 , 1 ; Amer. IiLst. Min. Met. Eng., Feb., 
1923 ; Goa World, 1923, 78 , Coking Sect., .59; Ind. Eng. Chem., 1923, 16 , 
961 ; J., 1923, 214a, 455a, 697a, 1009a. 

' “ Naturprodukte, 1923, 113 ; J., 1923, 964a. 
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Manufacture of Coke. 

A few features of general interest have been announced during 
the past mbnths. In view of the receiit attention given to the 
preheating of coal prior to carbonisation, the announcement of the 
ruethod of treating Sarre coals by a two-stage process is of peculiar 
interest.®® In the process now adopted the coal is first heated to 
a temperature of 600° C., and when carbonisation is comjdetc ^t 
this temperature the resulting soft coke is charged into ordinary 
coke ovens and carbonised under normal conditions of temy)erature. 
By this means a good hard coke is produced which is suitable for 
blast-furnace purposes. 

A new type of coke-oven suita]>le for use m such a two-stage 
process has been patented by the Soc. de Fours k Coke.®^ A, 
process of the above type appears to have considerable promise in 
dealing with certain types of high-volatik' coals, and t}u‘ pr'heating 
of the coal considerably improves the quality of the resulting 
product. A slightly different system was minounced by 
K Shimomura.®''' In a Japanese Patent taken out in 1908 he^ 
proposes to heat coal to a sufficient temperature to reduce, the 
volatile content in the resulting coke to about 15%. The residue 
is then mixed in suitable proportions with raw coal and carbonised 
in the usual way. ,.By this means the 2 )roducts from coals which 
customarily give a fingery type of coke, give a blocky c oke, hard 
strong enough for furnace work. 

Heat balance sheets of the coking prex^ess have been drafted by 
D. S. Chamberlain and E, W. McGovern,®® and by D. W. Wilson, 
H. V. Forrest, and C. H. Hitz, junr.®^ From a jioiiit of view of 
therm^ efficiency the regenerative coke-oven comes out fairly 
well, the biggest item of loss in both cases being the sensible heat in 
the coke. Several attempts have been made to recover this, and 
the method recently proposed by Sulzcr Freros®® of cooling the 
coke with inert gases. seeiDs particularly promising. The heat 
extracted from the coke is used for steam raising. A large in- 
stallaticn is now being erected at the Pictou Cokf Ovens at 
Homecourt, and it is anticipated that the coke heat from a 
lOOO-t^ni-a-day battery will generate 28,000 lb. of steam per 
hour ut a pressure of 140 lb. per sq. inch. The system offers 
the further advantage of reducing the moisture in the furnace 
coke. 

Chetn. and ImL, 1923, 794, 

G.P. 366,472 ; J.. 1923, 439a. 

Chem. and Ind., 1923, 556. 

Gas World, 1923, 79, Coking Sect., 42 ; J,, 1923, 436a. 

Ind. Eng. Chem., 1923, 15, 251 ; J., 1923, 389a. 
e?E.P. 199,182s J., 1923, 258a. 
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•Combustibility of Coke. 

Hcaeaith in various directions is being actively pursued on the 
sjjbject of combustibility of coke. 111. R. Sutcliffe and E. C. Evans^® 
d(‘al in considerable detail with the question from a blast-furnace 
standjioint. They hold that a high degree bf combustibility in a 
(toke implies a high reactivity to or solubility in carbon dioxide. 
The latter property in a coke has been almost universally condemned 
b;^ furnace managers, but these authors consider that the enclo- 
thermic reaction between carbon and carbon dioxide lowers the 
active zone in,the furnace, and concentrates the reducing reactions 
in the region of the greatest thermal activity. Further, a reactive 
fciel would have a ^lircct action on the mixture of molten metal 
and oxides in the nn^lting zone of the furnace. The oxides present 
,would be reduced far more readily by a reactive fuel than by an 
inactive one, and this action, together with the “ direct reduction ” 
of the* ore. by reactive coke, w'ould reduce the chemical require- 
ments of carbon to a point which would result in a considerable 
satung in the fuel consumption of the furnace. 

• Tlie possibilities in this direction of a combineef process of direct 
aii(h indirect reduction were brought out by F. Clements’*^ in the 
discussion on the above paper. He stated that irdn^hae been 
produced in an experimental plant of considerable c.apacity with an 
expcniditiirc of onjy 900 lb. of bituminous c(ful per ton of iron 
made, and that this indicated considerable support for the views 
ex])rcsscd by the authors. The revolutionary suggestions mad#, 
however, could not unchallenged. The most important 

arguments advanced against thc.se suggestions are based upon the 
results of tests made under the supervision of the American Bureau 
of Mines. In a series of papers by R. A. Sherman, J. Buzzard, 
(l.^St. J. Perrott, and S. P. Kiimey,’^ comparisons of different 
types of coke in a gas producer and blast furnaces are made. The 
combustibilities of the cokes were calculated from the carbon 
monoxide content in the gases at various depths in the*producer, 
and one of the conclusions arrived at was that the solubility of coke 
in carbon (hoxide did not necessarily correspond to its rq/ictivity 
to oxygen (this result differs from that obtained 6y R. ^ Wheeler, 
r/. infra). These observers could perceive no apparent connexion 
between the combustibility of the coke used and the^fuei con- 
sumption in a blast furnace. 

The conclusions arrived at by these authors are expressed very 
cautiously, and this is very desirable in a subject in which so many 
complexities exist. Gas analyses of blast furnaces worked primarily 
to give yie maximum output of iron may lead to misleading con- 

Iron and Steel Inst., 1923, 107, 27 ; J., 1923, 552a. 

107, 84. 

Amer. Inst. Min. Met. Eng. ; c/. J., 1923, 436a. 
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elusions from the point of view of the fuel teehnologist. Further, 
it is possible to draw very different interpretations from the 
valuable mass of data that these observers hg ve collected according 
to the viewpoint from which it is regarded. 

On the other hand analyses of the hearth gases can indicate 
very clearly the amount of work thrown upon the hearth. A 
high excess of combined oxygen, for example, can only result 
from delayed reduction of the ore, and it is significant to note 
that in the furnaces selected by these observers, the lowest fuel 
consumption was accompanied by high excess of combined oxygen 
in the hearth gases. This result is what would be Expected from 
the theories of Sutcliffe and Evans. Further investigation on 
this important subject is, however, being coiitinued, and it is t(j 
be hoped that the data now being accumulated will clear up a 
matter which is of vt^ry considerable importance to the iron and 
steel industry. 

Considerable work has been done in laboratory invesiigations of 
“ combustibility ’’ of fuels. K. Bunte and A. KolmeP^ hqve 
investigated the ignition temperature of cokes. R. V. Wheeler’^ 
describes a method 'of determining '‘reactivity” by the rate of 
oxidation iiuair, and in carbon dioxide, and gives results for different 
types of coke, whilst further work has been done by A. Korevaar,’^ 
K. Bunte, P. K. Breuer and A. Broche,’® F. Heyd,"^’ and 
Sohreiber.’® Generally speaking, the results obtained are in 
[conformity with the views of E. R. Sutcliffe and E. C. Evans,’® and 
of G. T. Bcilby,®® that the combustibility of a coke is a function of 
its stnicturc. Hcyd, however, considers that the inorganic con- 
stituents of the coke play a part in determining its combustibility. 
This wew^ has been contrdvert^ed by some observers, but in view of 
the differences in catalytic power possessed by different inorganic 
materials, there seems no reason why the composition of the tish 
should not exert an influence. Some force is ^ven to the h3rpo- 
thesis by,, the fact that the nature of the ash plays an important 
part in determining tfie “ activity ” of a charcoal with respect to 
its power of gas absorption.®^ As this property is due essentially 
to the 'character . of the surface, it seems quite possible that the 
charj\(*,ter^ and content of the ash in coke would influence its 
combustibility. 

« Qas'u. War^erfach, 1922, 66, 592 ; J., 1923, 132a. 

Iron and Steel Inst, 1923, 107, 75. 

Stahl n. Eisen, 1923, 43, 431 ; J 1923, 388a. 

BrennsiojJ-Chem., 1923, 4, 167 ; J., 1923, 697a. 

168 ; J., 1923, 697a. 

’’itirf., 198; J., 1923, 813a. 

■^^Ibid., 273; J., 1923, 1009a. 

J., 1922, 196t. 

1922, 341t. 

O. Ruff andmors, KoU&id-Zeita., 1923, 82, 225 ; J., 1923, 644a 
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(IAS— DESTRUCTIVE DISTILLATION-- 
TAR PRODUCTS. 

• By F. M. Potter, M.B.E., B.Sc., A.K.C.S, F.LC, and 
]). Ivor James, M.A. 

Gas Light and Coke Co., Products Works, Beckton. 

^ • 

'i'nE year under rtiview has been characterised not by epoch- 
making changes in process or principle, but by an unusually large 
plumber of papers embodying the results of careful work directed 
towards obtaining a maximum of efficiency and a reduction of 
t)|)eratmg a^sts. It Ls pleasant to record the growing appreciation 
of the value of expert chemists in the gas and coke-oven industriee, 
anci minor gas works arc already exploring the possibilities of 
%o-opcrativc chemical supervision^ Such a ^entiire, should it be 
fruitful, could only result in the good of all concerned — the public, 
the industry, and the chemical profession. * • . 

The elasticity conferred by the Regulation Act of 1920 has 
occasioned critioaLcxainination of the possibMitics of employing 
heating gas of widely varying thermal values (200-750 B.Th.U.) 
as stages in the manufacture of the most economic fuel for dis» 
tribution and consumption, and increased attention has been paid 
to domestic and industrial burning appliances. Criticism, much of 
which was ill-informed, has been directedt against the thermal basis 
of charging for gas supply ; this was the subject of investigation by a 
Departmental O^mmittee of the Board of Trade,^ which unani- 
mously reported in favour of the therm and of its extension to all 
statutory gas uncicrtakings within the scope of the Act. A like 
criticism, not altogether disinteresteej^ has» attacked the carbon 
monoxide content of town’s gas,^ the chief result of which has been 
only to consolidate present practice. 

Combustion. 

Hlow oxidation of hydrocarbons forms the subjeckof ai> expended 
scries of investigations by T. S. Wheeler and E. W. Blair.* Briefly,^ 
the results indicate that (1) in the case of ethylene mixed with 
ozone, an ozonide is first formed which subsequently decomposes 

1 Gas ^orld, 1923, 78, 367. 

^Am. Repts., 1922, 7, 40; also Gas J., 1923, March 17 ; Gas World, 
1923, 78, 238. 

, 1921, 156, 429. 

. V., 1923, 81, 87, 260, 263, 343, 347, 415, 492t. 
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to formald(‘h^'d(* and formic acid, hydrogen peroxide also being 
I)roduced in presence of moisture ; (2) for methane an^ oxygen, 
the formaldehyde jiroduction varies invcrsqly as the temperature 
and time of heating ; no methyl alcohol was detected ; (3) the 
rate of oxidation of .the hydrocarbon is not greatly affected by 
tile presence of inteiinediate yiroducts, though I'atalytic agents 
and varied surfaces can modify it considerably ; and (4) slow 
oxidation of hexane produces higher aldehydes, unsaturated hyd<ro- 
carbons, formaldt^hyde, acids, carbon monoxide and dioxide, 
hydrogen at higher temperatures, and water. The reactions of a 
mixture of methane and air at bOO^’-bOO'' are diseusTied by Vj. Berl 
and H. Fischi^r'' ; all olisia-vers S(‘em to IK'id that ammonia does 
not assist materially in stabihsing any forrilakkdiyde pioduced, 
though it do('s scian to I'xert a stabihsing elfect on fcirmic acid.® 
Methods of measurement of flame velocity are discussed by 
W. MasOfn,^ who gives didails of methods devi'lopi'd at the. iVliiu's 
])epart mental J’]xj)erim(*ntal fStation. The laAv of spet^ds in tlu' 
])ropagation of flame is discussed by W. Payman,” and tlu' explos;v<‘ 
wave in a mixtJuri^ of carbon bisuljihich^ and oxygen has bcew 
investigated by J\ 'Laffitte.^’ KxpiHiments by W. Payman^and 
R. V. Wheoier^^on the exjilosion of carbon monoxide and hydrogen 
tvith air have alTord(‘d results in accordance with the hypothesis 
originally ymt forvyird by Dixon concerning the function of water 
in this reaction. The effect of the yiresence of nitrcigen on th(^ 
<veaction between carbon monoxide and air has also been studied ; 
apjiarently it cannot bo rogardt‘d as an inert diluent. The 
explosion of a mixture of carbon monoxide, hydrogc'n, and oxygen 
is discussed by H. B. Dixon and N. 8. Walls, who find that wdien 
the jiroducts of incomplete combustion cool down under such 
conditions that no steam is condensed, the w^atcr-gas ecpiilibrium 
is nearly constant. New experiments concerning the combustion 
of a mixture of carbon monoxide and oxygei^ are described by 
W. A. Eone.^^ The ^effect of pressm’e on the limits of inflam- 
mability of mixtures of hydrocarbon and air is dealt with by 

^ atiycw. Chinn., 1923, 36, 297 ; J 1923, 698a. 

Ubid\ • 

Soc. Trans., 1923, 123, 210 ; Fuel, 1923, 2, HO ; J., 1923, 43Ga, 

538a.. 

® Chch. iSoc.vTrans., 1923, 123, 412 ; W. Paynian and N. S. Walts, ibid., 
‘ 1923, 123, 420 ; J., 1923, 43r)A, 437 a. 

» CompU’s rend., 1923, 176, 1392 ; 177, 178 ; J., 1J923, 040a, 814a. 

(’hem. ^Soc. Trans., 1923, 123, 1251 ; 1923, 757a. 

W. A. Pone, D. M. Nowitt, and 1). T. A. Townond, May. Sac. Froc., 
1023, A 103, 205. CJ. Clmn. Foe. Trans., 1923. 123, 2008 ; Gas World, 1023, 
78, 439; Gas J., 1923, 163, 415, 475; J., 1923, 590a, 964a. Kllaiis.sor, 
Chem. and Ind., 1923, 750. 

Chem. Soc. Trans., 1923, 123, 1025 ; J., 1923, 756a. 

« Gas J., 192;f; 163, 303 et seq. 
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W. Payinan and Kf V. Wheeler, who find that lor mctnane the 
limits of downward propagation of flame at atmospheric pressure 
are (>•() and 1370, wl^ilst at fi atmospheres’ pressure the figures 
oBtahied are 64 and lO^J. 

An inl(‘r(‘sting lecture was d(diver(“d by W^. A. Bone^^to the 
Royal iSociety of Arts on surface combustion, summarising the 
c(mehisions arrived at from the begiimings of the research in 1902. 
A*us(‘ful nsiurm of information concerning the composition 'of 
gas(ams fuels in relation to their utilisation is also givcji by 
W. Payman and R. Wheeler.^^^ 

Phe determination pf a(i(dylene and ammonia formed during 
tfieompletc (iombusljon of organic bases, e//., aniline, carbazole, 
pyridine, (“tc., is dc'seribed by K. A. Hofmann and E. Will.^^ A 
^n-aphic method for ealculating th(^ maximum t(mi])eratui es attained 
during a gaseous eombustion is given by V. Pollitzer,^® and 0. I. 
Hansen ami K. 1^1. Nielsen^® deal with a method and apparatus 
(a modified " Orsat ”) for determining loss of heat in t^iie gas«5, 
eo1is(‘(]U(‘nt on incomplete combustion. The propagation of 
^•ombustion in cones of pulv(‘rised coal is discu#5se(t by F. H. Sinnatt 
aiubL. Slater.2« 

Aeration and air-injection of gas for burners is the subject of tl^e , 
Ninth R('j)ort-^ of th(^ Rc'search 8ub-Committee appointed by the 
Has Investigation Hommitlee of the JnstitutioR of Has Engineers. 
Directly bearing upon this jiroblem is a paper by J. S. G. Thomas 
i'nd E. V. Evans^“ on the entrainment of air by a jet of gaS 
issuing from a small orifice ; a standard formula that the authors 
'hiducc is elaiiiK'd to be in good agreement with the experimental 
i-esults. 

Adjustments to burners, according to the thermal value of the 
gaS ('m])loycd, is discussed in a valuable practical paper issued by 
thi5 llnited hfiatc's Bureau of Standards, and G. F. Moulton'**^ 
from measuremeiS-s of llaim*. and cone heights, and analyses of the 
products of combustion, comjludes thlit ga?es of 400-600 B.Th.U. 
per cub. ft. will yield the same domestic service when the appliances 
are eorrectlji adjusted. Lastly an improved gas cmnbustionTurnace, 

Soc. Tnmfi., 1923, 123, 120 ; J., 1923, 437a. 

Gas World, 1923, 78, 405. 

Fad, 1922, 1, 185 ; J., 1923, 42a. 

1922, 56, 3228 ; J., 1922, 928a. 

Z, angew. Chem., 1922, 35, 683 ; J., 1923, 42a. 

Idid, 1923, 2, 115 ; J 1923, .538a. 

Fud, 1923, 2, 211 ; J., 1923. 876a. 

Ga^ World, 1923, 78, 589. 

Mag., 1923, 46, 785 ; J., 1923, HOOa. 

Bur. of Standards, TedmoL Paoer No. 222, 

1923, 2,57a. 

, hid. Eng. Vhem., 1923, 15, 583 ; J , 1923, 705a. 


1922, 17, 15; J„ 
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which it is claiined is considerably superior to that ordinarily used 
in chemical analysis, is described by T. J. Hedley.^® 

Peat, Lignite, Coal, etc. 

Comparative figures are given by F. Fischer and H. Schrader 2 ® 
for the low-temp(5rature tars obtained by dry distillation of lignin 
and cellulose : the yields of gas in the two cases were almost equal, 
the characters of the tars being somewhat different. Lignin tars 
and the relationship of lignin to coal are also discussed by A. Pictet 
and M. Gaulish’ : the facts elicited by these authors lend support 
to the theory that coal is derived from lignfii. ^ 

The drying and coking of peat is described ty J. >Steinert,“® who 
finds that 10-13% of tar is obtained, which included amongst 
other products 15% of paraffin wax and 41 % of phenols. Dopplcrite 
forms the subject of a paper by F. V. Tidcswcll and R. V, Wheeler,^® 
who discuss its constitution, mode of formation, relationship to 
coal and the products of its decomposition at temperatures up'to 
600° C. The aefion^on peat of aqueous alkalis, milk of lime, and 
various solvents is discussed by W. Schneider and Schellcnberg,®® 
and the preftSsure oxidation of peat in presence of 2-5 N alkali at 
7l)0° C. by F. Fischer and Vi. Schneider.®^ Humic acids,®^ their 
separation, ])roper('iies, and reactions with nitric acid^^ and 
chlorine are dealt with by Eller and his collaborators. It is well 
to remember in this comiexioii that the term humic acids ” is 
exceedingly generic, for the natural products, and those derived 
by the oxidation of phenols and carbohydrates present certain 
differences, the significance of which is still undetermined. 

A ndinber of papers has been contributed by F. Fischer and his 
collaborators^® concerning the pressure-oxidation of lignites^ in 
presence of different alkalis. Various aromatic acids were found 
in the products, from which it is concluded th^t there exists an 
essentially aromatic sV*ucture in coal. The pressure varied from 
45 to 60 atmospheres, and the temperatures from 200° to 400° C. 

25 J*, 1023, 432f. 

Zentr., 1922, 93, 111., 1184 ; J., 1923. 13(5a. 

27 flelv. Chwi. Acta, 1923, 6, 027 ; J., 1923, TOoa. 

28 0. aiigew. Clmn., 1922, 35, 653 ; J., 1923, 42a. 

28 Chem, i^ocMrans,, 1922, 121, 2345 ; J., 1923, 83a. 

»» Chcin. Zentr., 1922, 93, IV., 1007, 1043, 1044 ; J., 1923, 4a, 131a. 

21 Ghem. Zentr., 1922, 93, IV., 1003 ; J., 1923, 130a. 

82 W. Ellor, Annalen., 1923, 431, 133 ; J., 1923, 573a. 

28 W. Eller, H. Moyer, and H. Saongor, Atmalen,, 1923, 431, 102 ; J., 
1923, 573a. 

84 W. Ellor, E. Hordiockerhoff, and H. Saeuger, Annalen, 1923, 431, 177 ; 
J., 1023, 573a. 

88 Qe9. Ahhandl.Kemii. Kohlc, 1920, 5, 100, 180, 207, 292, 360, 360, 309, 
372 ; “1921, 6, 200, 235, 319. 
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D(‘liydration of finite for briquetting purposes etc., by heating 
under, pwjssure, is patented by F. Bergius.^* The same subject 
has also been dealt Mith^ by W. A. Bone,^^ who has extended his 
inquiries to the thermal decomposition and carbonisation of 
lignites. 

Carbonisation in Horizontal and Vertical Retorts. 

•(Comparatively little attention has been paid to the hoT’izontal 
retort in the literature, but steady improvement is to be noted in 
]uactice. Efficiency considerations have led to the extended use 
of silica retort settings,^® to the full charging of the retorts, regula- 
tion of combustion cWamber temperature, and lo the control of 
retort pressure,^® sd that the “ bogey ” yield figure of 70 therms 
as gas is now frequently exceeded. Improvements in charging 
and discharging machinery are also recorded.^® 

The.rcsults of an investigation of great interest in view of its 
bearing upon the suggestions of J. W. Cobb and H. J. Hodsman^^ 
amj embodied in an excellent paper by T. C. Finlayscfn,^^ wto 
Jias conducted a thorough research into known and proposed 
processes for ])roducing industrial oxygen, tfie controUing factors 
iaidf down at the outset being the necessity for low cap^ial expen- 
diture, and a maximum production cost of Is. per 1000 cub. ft. 
The allowable cost is calculated from an assumed 90% thermal 
efficiency in water-gas practice, using an oxygen-enriched blast. 

A critical survey of the literature of the subject, and researej^ 
into new methods lead the author to conclude that chemical 
processes are not promising, mainly on account of thermal 
inefficiency. A low- temperature process involving absorption of 
oxygen by haemoglobin^^ was developed, but was foundi to be 
impracticable on the large scale. Physical methods involving 
the processes of Uquef action, followed by fractional distillation, 
solid adsorption, diffusion, or solubility proved to be more hopeful, 
but none yielded oxygen at a sufficiently low eost : pressure 
fractionation process for 40% oxy^n most nearly approached 
an economic proposition. As a subsidiary issue, the results of 
carbonisati(fn, using air enriched with various amounts pf*oxygen, 
are considered, and it is shown that the efficiency of raisijig the 
(ialorific value does not coincide with the work done in n^rogen 

** G.P. 362,074 ; J., 1923, 258a. 

J. Roy. Soc. Arts, 1923, 71, 172, 189, 208 ; /., 1923, 255a. 

G. H. Gill, Qas J., 1923, 164, 409. 

=** W. H. Warren, Qas World, 1923, 78, 183. 

Gas J., 1923, 162, 273. E.P. 206,367. 

" J.Md20, 508a ; Gas J., 1921, 158, 806 ; 154, 374. 

“hist. Chem. Eng., June 8, 1923 ; J., 1923, 716a 

« Cf. W. Dyrssen, Qas J., 1923, 168, 940. 

^ « Woodall, Duckham, & Jones, Ltd., and J. S Morgan, E.P. 192,944; 

•>•, 1923, 364a. . 
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* 0 

removal ; Uial is, llicro will bo a limit boyoial wliioh it will not 
])ay to oniioli tla* air. • . 

TJio Jt(‘S('arfli .Board has oonlijinotf tlu' investigations ^of 
carbonisation in V(‘rtioal rotoits \Aitli admission of steam. Using 
Wigan Arloy (*oal with a combustion chamiHT tf'mp(‘raturo of 
llStt 0., the h('at required to carbonise the coal and remove the 
products at w'oi’hing temj)er‘atiires was 13'0 tlierms per toil of 
cofd w'Jum using 5% i)y weight of steam, and 18-20 therms whtai 
using 2i)y^^ of steam. The following yic'lds wen^ obtained per 
ton of coal : — (a)~ 5% of steam : Gas (002 B.Th.l;. per cub. ft.) 
e(iuivalent to 80-2 t Inarms ; tar, 13*02 gjills. ; and ammonium 
snl])hat(‘, 23-43 lb. (/>)— 20% of steam : (Jijs (457 B.Th V. ])ei' 
cnb. ft.) 0T3 therms : tar, 14*73 galls. ; and ammonium snl})hat(‘ 
28*57 lb. {rf. also page 58). , 

A number of ])ractical pajuus on th(‘ working and lumiing costs 
of vertical retorts have been read during th(' yc'ar, of wlveh p('rhaj)s 
the most interesting is that b}^ W. Buckley^’’ which, together with 
the discussion thei-eon, should l)e studhsl in the original ])y tliose 
inl(Tcsted. 47ie Vel]-kept works' records show the average yield 
figures foT’ a six months' j)eriod to be 82*1 therms ])('r ton of coal, 
obtained as ®1 7,358 cub. ft. of 478 B.'bh.U. gas. Avith coke availabk^ 
for sale 8-1 cAvt., tar 10*45 galls., and 10-oz. liepior 34*05 galls. 

0 . P(‘ischer^’ dirflmsses the lu'at conditions of carbonisation in 
the Glatz ty])e vertical chamber ov('n, in which the oav-u is heated 
alternately from the to]> and l)ottom, and eth'etive regeiuuators 
em))loyed. 

hk ClrowtluT'*^ analyses the heat floAV in gas carb-.aiisation, and 
to improve the thermal e'^icieney factor reAuves the suggestion to 
retuni*’to tlie producer some of the Avaste gases direct from the 
flues, together Avith a small amcmiit of ])rehcatcd ])rimary air, 
but h(‘ docs not deal with the mechanical means rt'fpiired to effect 
th(‘ suggested procedure, under controlled conditions. 

f 

Complete Carbonisation; Producer and Water Gas. 

^ ^ tf 

A Parker, utilising the results of the researches on the 
contiitiious vertical retort given in the Fourth Beport of the 
InstitKtiop of Gas Engineers, and on the manufacture of blue 
water-gas (ibifi'!, >Sixth Report), and aided by certain proximate 
assumptions, has constructed thermal balance sheets which 
indicate that the single-stage process is unUkely to produce as high 

Fuel Kt^s’oardi BohkI Tech. Papoi- No. 8; ,7., 1923, 1I03 a; cJ. Ann, 

1921, 6, r)7. 

Gas J., 1923, 162, 404, 414 ; 164, 319 et scq. 

Gas u. Wtumrjach, 1923, 68, TjOf), 7)78 ; J., 1923, 10r)8A. 

Gm World, 1023, 79, 397. 

1” J., 1923, lllT. Gas J., 1923, 162, 14. 
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a tlHMiiial olVicii’iicy as when eomplcto gasification is oondncted in 
two staf^hs, Tlie efhciency difTeronce is small, and waste heat 
recovery is not c(fiisu^lored ; hence the (ialculaf.ions arc not 
eon(!hisiv(‘. l^hnploying American coals, A. W. Warnor^‘^^ cftncludes 
that t'c.onomy is best effected by ex])clling the volatile matter 
from coal at a temjKwature not exco(‘ding 800° C., and at the same 
time reinoving the condensable vapours at tem])eratiires below 
400". 

Flirt h(T ])atents coA^ering details of the Tally plant have been 
grant ed.‘»^ T^e improvements claimed include the use of a longer 
ridort with a shalkm^er find bed, a revision of the gas flow 
tfnheme, the additioy of a carburettor to permit ot the use of oil for 
('urichment, and complete gasification of the condensable hydro- 
»e.arbons. Working results for this ])lant have been givim by 
X. S. iSmitlr'’-^ anti V. Fawcett.-'*^ Th(^ method lends itself to the 
j;)rodu(ftion. of a gas ri(;h in hydrogen,''^'* and suitable for a number 
of chemical processes, but on thermal and other grounds the 
modification is not applicable to town’s gas practice, even if the 
•carbon monoxide' controversy could be mainbiinfsd. 

A number of patents for the preparation of methane from water- 
gas have been published, [n three of tlu'se, nickel is* the oatalyst 
('inployed, and incandescent molybdenum or tungsten in a fourth.^® 

F>soh(5r and H. Tropsch*'’’ have experiraentoA with iron, employ- 
ing high pressures. It should be superfluous to state that although 
midliane has a, high calorific value, yet this reaction involves ft 
large thermal loss — 1280 Jl.Tli.U. in the form of carbon monoxide 
and hydrogen liecoming 1000 B.Th.lb in th(^ form of methane. 

Further forms of dual generators, e^ch retort operating alter- 
nately as a ])roducer and as a distillation chamber, have been 
described.^®' 

M. W. Traver^and F. W. Clark®® give detailed calculations to 
show that when coal is completely gasified in a generat^ir divided 

• '* 

Amor. (Jas Assoc., Oct., 1923 ; Gm World, 1923, 79, 44 ; ,/., 1923, 877a. 

^'0. 15. Tally, E.P. 192,743 ; J., 1923, 342a. E.P. 192,880. 195,798, 
188,404; J.,*1923, 45a. 

Gas J., 1922, 160, 730 ; J., 1923, 84a. 

Ibid., 1923, 162, 20 ; cj. ibid., 161, 440. 

Ann. Eepts., 1922, 6; E.P. 195,798; J., 1923, 540/^ <V- also 

(1. Claudo, CompkH rend., 1923, 176, 394 ; J., 1923, 2G0a.* 

190,023. Cf. Armstrong and HildiP.h, J., 1923, 482a, 540a*; 
also Proc. Roy. Soc., 1923, A103, 25. d.P. 362,402 and 306,791 ; J., 1923, 
259a, 592a, 814a. 

Meiator, Lucius, und Briining, E.P. 186,899 ; J., 1923, 817a. 

Brmnaioff.Chem., 1923, 4, 193, 199; J., 1923, 813a, 814a; oJ. also 
J. S. (J .• Thomas, 1923, 111, 778. 

J. R. Duff, E.P. 191,255 ; J., 1923, 215a. 

E. Berg, E.P. 204,909 ; J., 1923, 1164a. 

Gas J., 1923. 164, 34. 130 ; J., 1923. 1163a. 
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into an upper carbonisation zone and a lower 'water-gas zone, the- 
blow gases being withdrawn from a point between the 1>w^o zones, 
the carbonisation of the coal requires ,twfj to three times the 
quantify of heat available in the w^ater-gas. From this con- 
sid(;ration they have put into operation at Aylesbury a system 
in which the additional heat required is supplied by re- circulating 
the mixed gas (previously partially purified) through the upper 
zofie with the water-gas after passage through a regenerator pi’e- 
viously heated by the blow gases. Hecondary air is added to the 
blow gases in the regenerator, so that part of the heat of the fuel 
gasified during the blow is recovered. It is claimed that a yield of 
gas of calorific value 371*5 B.Th.U. per cull, ft., and equivalent tp 
] 84 therms per ton of coal, is obtained. 

F. 1). Marshall and R. W. Easton®^ employ the dual system, by 
which the run gases from the water-gas generator pass up through 
the coal charge in the superposed low-temperature .retort, tin* 
Wow gases being ignited in the chequerwork flues surrounding the 
retort. The apparatus is of the dual type, in which the supply" of 
coke to the generator is capable of adjustment to the quality of 
gas required, the excess being withdrawn for use for steam raising 
or for .saki d!s a low- temperature fuel containing 7-12% of volatile 
matter. In the vertical retort two specially constructed screws 
are employed whi(Jh propel the coal in a quiescent state. Com- 
parative calculations for capital and working costs are given. 

* The results of an exhaustive enquiry into producer practice in 
British steel works arc given by F. Clements. The relative merits 
of mechanical and non-mechanical types of plant are examined ; 
details of the cost of gasif^big 1000 tons of coal per week are given ; 
in the former type the overall figure is £103 15s., as against 
£112 14s. in the latter. Chemical and thermal balance sheets ‘lor 
different depths of fuel are provided, as is also the result of varying 
the saturation temperature of the blast. Attention is directed to 
the effect of tar and dust on ^he calorific value of the hot gas, which 
is placed at 1 0 % over that of the cold clean gas. For high efficiency 
under steelworks’ conditions, a high carbon monoxidf content of 
the gas i&‘ sought, this yielding a flame of high radiating value, 
thoug^h mention is made of a furnace design by which more advan- 
tage i!i tUiken of the actual contact of the burning gases with the 
pietal. 

Recent developments in gas producers are reviewed by T. R. 
Wollaston and A. L. Booth, who describe a new plant consisting of 

" E.P. 198,777 ; J., 1923, 75eA. 
to J., 1923, 162, 667. 

Iron and Steel Inst. .mZyWt.m; J., 1923, 662a; cJ. also W. B. 
Chapman, Chem. and Met. Kng.^ 1923, 29, 270. 
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a water-bottom tyfc producer, upon which is superposed a mechaiii- 
cally- agitated retort in which the fuel undergoes partial coking by 
the sensible heat of t^ie gas leaving the producer at a temperature 
averaging 500° C. The coked fuel is then symmetrically distributed 
direct to the producer, which has no refractory lining, and is sur- 
rounded by an annular jacket which may serve for steam-raising or 
water-heating. It is claimed that a substantially dust-free gas of 
gross calorific value circa 175 B.Th.IT. per cub. ft. (45% cbm- 
bustibles)is obtained with a nett thermal efficiency of nearly 81%. 
The conditions are such as to give good yields of ammonium 
snl])hate and of low- temperature tar. In the plant described by 
,W. Beswick and fh Rambush,*® gas of similar quality and 
by-products in good yield are obtained by passing the gases 
^generated in the lower part of the producer through a column of 
descending fuel of such a height that practically complete low- 
tc'mpciatui^e carbonisation of the fuel is effected, with simultaneous 
cooling of the gas, and a long time factor between steam and carbon 
is’attained. The system involves feeding the fuel through a bell, 
•with its mouth situated at, or slightly below, tlie ifbrmal level of the 
siji‘:(^ice of the fuel bod, and the gas off-take springs from this bell. 

The conditions required for the satisfactory gasificattoM oi lignite 
in jrroducers are detailed by C. Engelhard,®® and a suitable producer 
is described, together with a record of the resiflts obtained. 

file investigation of the thermal efficiency of water-gas manu- 
facture has received continued attention. A. Parker has usefull;^ 
summarised the past work of the Gas Investigation Committee of 
the Institution of Gas Engineers.®’ Continuing this work, the 
Committee has studied the effects of vaiying fuel bed depths, and 
attempts have been made to determine the relative m^its of 
wajer-gas plauts when operated on the Dellwik- Fleischer and Lowe- 
Humphreys systems.®’^ The report is replete with a wealth of 
detail, and the pitncipal results are summarised in the following 
table : — ^ • 


Results of 'Complete Tests. 

A. B. C. 

D. 

Sixth 

Full Co})th in ?t. 

4 

4-25 

• 

5 

6 * 

'‘Report. 

7 

Thermal efficiencies, % — 

Fuel for steam included 

41-5 

37-2 

460 

48-6 

• 

•46-3 

F uol for steam not included 

550 

51-9 

57-5 

GO-4* 

*55-8 

Carbon dioxide in blow ga.s, % 

13'0 

16-2 

11-8 • 

121 

12-2 . 

Ratio 00 j/CO .. 

118 

2-62 

0-79 

5*5 

0-88 

0*95 

Carbon dioxide in water gas, % 

4-7 

8*2 

4-5 

4*2 

Carbon monoxide in blow gas, % 

11-5 

6-2 

15-0 

13-8 

12 8 

Gas made iX3r day, c. ft. 

364,400 

307,700 

564,900 

614,400 

664,200 


E.P, 188,607 ; J., 1923, 45a ; cf. Oas J., 1923, 161, 141. 

^ angew. Ghcm., 1923, 86, 98 ; 1923, 256a ; cf, also A. Faber, 

192.3.86,336; J., 1923, 776a. 

J., 1923, lllT. 

Inst. Gas. Eng., 1923 ; 7., 1923, 755a. 
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'I’hc loss of potential heat in the blow gas was reduced from 20%, 
as noted in th(‘. Sixth Ki^port, to ll-b^o Test B, hut tlfere were 
increased losses due to und(‘eomposcd st(‘ani, •r’liid the output of tl^e 
plant was d('(ireased. 

(-alcuLitions show that a Avaste heat boiler would have raised 
th(‘ total steam recpiired except in two cases ; in these two tests 
with the assistance of a waste heat lioiler, efficitmeies of 52-9 and 
4r>-3‘;/o r('s])ecti\"ely Avere obtained. "J'he same jiroblem has been 
attacked by the Fuel R('seare.h BoaixB’^ ; hy varying the e^^cle 
and steam sup])ly A\'ith a 4-ft. bed, an oAxrall ('ffieiency of r>2‘S% 
Avas o])tained. J. has piddislnal a full record of Avorking 

r('sults, and of an (‘fliei(‘n(^y tt‘st at th(‘ Tem]»le VVoi'ks, Glasgow?' 
and has included interesting costs calculations; the data given 
by J. S. Thorman,’^*^ avIk' describes the Kirke Avaste-heat boiler* 
installation n(‘wly addc'd to the Glover-Wi^st i'('torts at Stratford, 
should also lie carefully examined. With rc'ference to Vasf(‘ heat 
reeoATry'in general, the present wTiters may ])erha])s he allowed 
to agree wdth thu (mgineer aaIio remarkc^d that zeal for Avaste lieat 
recovery must not Be allow'ed to divert attention from the main’ 
principle-^ -the ttfective use of heat units in tlu*- ndort seeing 
itself. ' In this conn(‘xion, F. Cinwther’^ sugg(‘sts using the AA^asto 
h(‘at of th(‘ blow gj;^ to preheat the blow air instead of waste heat 
recoA-ery in a steam raising unit. F. Str'ding,’’^ working Avith a 
Pellwik-Fleiscluu’ unit, suggests jackrding the generator with a 
steam boilcT and superheater in the case of small installations, and 
for larger units su])erposing on the generator a chequered brick- 
work chamber Avhich stores heat during the blow to tie utilised for 
vaporising Avat(‘r sprayed' from above during the down run. R. 
Gfipert"^ has studied, inter alia, the elTect of steam current velocity 
on gas production and efficiency, and also the effect of the m?lke 
period on the latter. ^ 

The us? of bitumyious coking coals as W7iter-gas generator 
fu(ia is discussed and conditions necessary for efficitait operation 
are detailed."'* Attention may also be directed to the folloAving 
pa])ers oi general interest: — “Heat transmission ifi coolers, 

‘‘ (diejpier brickwork,” “ Mechanical methods for the propulsion 
«. 

J. G^. Ivin^ and -J. F. Shaw, Tech. Paper No. (i, Fuel Re, .search Boards 
.192;i ; J., 1023, (i98A. 

J., 1923, 161, 209 ; J., 1923, 214a. 

Ibid., 1923, 164, 577. 

- Gas World, 1923, 79, 397. 

‘2 Gas n. iresstr/ac/i, 1922, 65, 710 ; J., 1923, 133a. 

73 Ibid., 1922, 65, 441 ; 1923, 390a. • 

7'‘ Tech, Paper No. 274, U.S. Bur. of Mine.s; ef. Ind. Eng. Chefn., 1923, 
15, 3.'>."> ; J., 1923, 482a. 

74 ’ B.'Hoastio, J^., 1923, 443 t. « 

U. A. Hongen and D. H. Edwards, Chetn. and Met. Eng., 1923, 29, 800. 
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of ga.so.s,’’ also to'aii ('\celleiit 2 )a.]K‘r hy 1). Ijacc;}" <>11 The How 
of ^{is fn y)i|)es and a new voliinK' entitled “ Modern CaR 
frodueers/’ hy N. Uambnsh. 

I jO w- Temper a t ue e C 'a r bon i sa'pion . 

AVith lh(‘ <>;]‘()\ving recognition of the liinitations of low-temper- 
ature (^arl)07Hsing 2)roceRse.s thei-e has la^en a tendency to consWer 
tlu'ir material and economic advantages vhen worked in con- 
junction witl^ ])resent-da.y methods of fuel utilisation, and more 
particularly in coinx'Nion witli comj)l(‘te carbonisation plants. 

, Th(' (dasgrnv CVu-poration’® after full ejupiiryhas d(‘cid(;d to erect 
units on the Maclaurin^^ system. In America the Piron and 
.Illingworth y^roc-esses ar(‘ stated to b(‘ under investigation ; the 
dilli(iulti(‘s that have arisen during th(‘ develoynnent of theCarbocoal 
ju’ocesK in .that country and a descriydion of an imy)rove*d form of 
r(‘tort, form tlie subject f)f a contribution by H. A. Curtis, W. G. 
('l!a])man, and W. C. Geldard.*^^ 

• A number of i)atents for retorts'have bee:y ])ublished, many of 
tlu'^n cov(Ting modithaitioiLs in detail of known tyyies.^- T. M. 
])a\'idson and H, H. Abbott*^^ 'MTIy Pom])ression td the. charge 
whik' in a jd.astic state in the low-tem]>erature zone (3(K)°^0()° U.) 
and before it (‘liters, as a eohc‘reiit annular ifiass surrounding a 
central gas and vapour outlet j)ipe, a zone at a higher temperature 
{(ioO”- 750^) and a third air-cooled section leading to the discharge 
ho])p{‘r. In a later patcnit,*^^ the same tyyie of jirocess is conducted 
in a vei'tical or- inclined retort wherein the surfaces or portions of 
the surfaces of the retort in contact with the coal are given a 
recij)ro(^atory movement to enable the coal to trav(d freely doVn the 
rettu’t and sidtle compactly. The uyiyier yiortion of the retort is 
coiLstnicted of iron, whilst lower down a refractory material is 
emjiloyed. W. Ef Tr(‘nt®^ enters a claim for a retort in the form of 
a HerresholT furnace with hollow iroi^ hearths through Vhich the 
h(‘ating medium yiasses. 8, li. Illingworth®^ yiatonts a form of 
yilant.for the preliminary treatment described in his jirevious 
patents. Attention may also be directed to some of thc^processes 

" E. E. IJoopor and J3. B. Wallor, ./., 1023, 180 t. 

Inst. (Jas Eng., J923 ; OV/.,v Worhl, 1923, 78, d99. 

' ' Oas World, 1923, 79, 18G, 272. 

J., 1917, 620; Iron and Coal Trades llcvUiv, 1921, June 20, p. 848, 
and Nov. 11, p. 688. 

Chem. and Met. Eng., 1923, 28, 11, CO, 171 ; J., 1923, )32a, 191 

‘'-E.P. 174,069, 190,819, 192,615. 

E.Pf 195,711, 197,712 ; J., 1923,542a. E.P. 205,268 ; J., 1923, 1214a. 

E*.P. 206,178 ; Ahs., 1924, B, 8. 

E.P. 174,336 ; J., 1923, 486a. 

• «« E.P. 206,542 ; Ahs., 1924, B, 45 ; c/.alsoE.P. 175, 8«8, 186,384*, 189,085, 
m,328; J., 1922,283a. 
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considered under the section on coiupletc carbonisation ; the 
Marshall-Easton process,'^® for example, readily lends itself to a 
part production of low- temperature fuel. 

The Fuel Research Board®^ has designed and erected at the 
Greenwich Station a vertical retort for the low- temperature carboni- 
sation of briquettes produced by the SutcMe-Evans system.®® The 
disintegrated mixture of coals is heated to 350 ° C., briquetted in 
rotary presses, and then charged into the retorts, the open character 
of the charge permitting free transniission of heat throughout the 
mass. The experimental setting consists of four vertical retorts 
(15 ft. high) constructed in special cast iron and of flattened oval 
shape ; discharge is by means of an ordinary Glover- West extractor 
gear. The top dimensions are 2 ft. 4 in. by 9 in., and the bottom 
2 ft. 9 in. by 1 ft. 3 in. The carbonising temperature employed ii^ 
()00°C.; unfortunately, experimental results are not yet available. 
To obtain data for the design of these special retorts, preliminary 
experiments were conducted in a Glover- West installation,®® a 
mixture of 60% of gas coal with 40% of flame non-cahing coal being 
employed to giVe a ^ solid product containing 6-3-7-2% of volatile 
matter. The temperatures maintained w'erc approximately 850° 
near the ^toj) of the retort and 700° at the bottom ; steaming was 
found to assist the attainment of the maximum temperature, but 
its economic eflcc' w^as not considered. Yield figures for solid, 
liquid, and gaseous products under these conditions are given. 

Coke and Coke Ovens. 

There have been but few large extensions of coke oven plants in 
this country during the past five years, and probably the develop- 
ment which is attracting most attention is the erection by two firms 
of coke ovens to the full American design to which reference Vas 
made in last year’s Report. The GO-oven installation at Consett®® 
is to coipe into operation in the spring of 1924, and a considered 
statement after an extended run showing how far the increased 
capital outlay is justified by increased output with English coals, 
British labour, and other service charges will be awaited with 
consjfier^le interest. The capacity of these ovens is 10-5 tons of 
dry 6oal and the carbonising period about 17*5 hours, equivalent to 
14-4 tons per pven per day. Silica ovens of increased dimensions 
'•are now contemplated, the length, height, and mean width being 
40 ft., 11 ft. 8 in., and 16 in. respectively ; the charge is 11*5 tons. 
These ovens are designed to have a carbonising period of 16 hours, 
equivalent to 17-2 tons of coal treated per day. It is worthy of note 

« Oas J., 1923, 164, 184. 

«« J., 1922, 196t, 492a ; E.P. 171,152 ; J., 1922, Ca. 

{PecA. Paper.No. 7, 1923 ; J., 1923, 917a. 

Jo Qaa World, 1923, 79, Coking Sect., 103. 
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that there is said be a tendency in America to revert to fireclay 
walls, a at ill narrower oven being adopted on the ground that the 
temperature necessary is reduced in greater proportion and the 
more uniform heating yields an improvement in the by-products 
account. 

Many attempts have been made to attain more uniform heating, 
including dilution of the rich fuel gas, tapering the coking chamber 
fof the upper half, and by a change from a division of the heating 
])illars into flues by vertical walls to walls laid at an angle of 30° 
with the cenlj*e line of the coke oven chamber. Thermal and 
mechanical disadvantages incidental to these methods have led to 
yie trial of a change^ method of reversing the heating gases, a unit 
being erected in which the combustion gases travel upwards through 
^hc whole of the 36 heating flues of one pillar disposed in groups to 
a long horizontal chamiel level with the top of the coke, pass 
tlirough thi;ee or four insulated ducts over the top of the oven, and 
then flow downwards into vertical flues in an adjoining pillar.’'^ 
This method should eliminate unheated sections due to choking of 
the fireclay nozzles used {cf. also L. Wilputte ^). 

A*brief account of the 10-oven compound regenerative unit®’* 
erected for the Team By-Product Coke Oven Co. under E.P. 175,31? 
has been given ; it is claimed that the chimney gases leaving the 
battery have an average temperature about Im'" C. 

Heat balances for batteries of coke ovens have been determined^ 
by D. S. Chamberlin and E. W. McGovern,®^ and by D. W. Wilson, 
H. 0. Forrest, and C. H. Hertz. Attention is drawn to the heat 
loss by the hot coke, and a number of patents cover the dry cooling 
of coke with utilisation of the heat by means of an inert gaseous 
carrier caused to flow in a cycle through the coke in a cooling 
challiber and through a steam generator ; a thermal efficiency 
of 78% is claimed, from which must be deducted 8% on account of 
steam absorbed by* the circulating fan. R. DiiU®® moves the coke 
through the heat exchanger on a travelling grate. The production 
of water-gas by coke quenching is referred to in several patents.®® 

The physicml properties of metallurgical coke in their bfaring on 
the carbon function in the blast furnace have received further 

J. Becker, E.P. 171,117. 

E.P. 202,197 ; J., 1923, 44a. 

Iron and Coal Trades Review, 1923, May, 18 E.P. 175,312. 

Oaa World, 1923, 78, Coking Sect., 42 ; J., 1923, 43Ca. 

Ind. Eng. Chem., 1923, 16, 261 ; J., 1923, 389a. 

Sulzer Freros, E.P. 173,762, 187,567, 192,182 ; J., 1923, 539a, 258a. 

Gelsegkirchener Bergwerks A.-G., E.P. 183,113; J., 1923, 485a ; 
(/. also Eisner, Oas- u. Wasserfach, 1922, 66, 732. 

®®E.P. 191,235 ; J., 1923, 215a. 

^ 0. Koaenthal, G.P. 369,315. P.v.d. Forsfc, G.P. 363,186 ; J., 1923, ‘ 

USA. Sulzer Preres, E.P. 173,763 ; J., 1923, 300a. 
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atteiitioii.^^^ i]. R. Sutcliffe and E. C. Evaim^®^ claim that the 
(‘mploymeiit of coke prepared by their method and having 
minute cells with thin cell walls, would concentrate the process 
of reduction nearer to the hearth, and that less limestone an'd 
lowTF voluuu' of blast would be refpiired, with consequent reduction 
hi the sensible h(‘at leaving tht^ fuiTiacc ; also that the increased 
amount of direct reduction would reduce the carbon requirements 
and increas(i the output of the furnace. The blast furnace expe- 
riments of C. St. J. R(‘rrott and S. P. Kimicy^^^ do not seem wholly 
to agree with these dc'ductions. 

Methods of measuring the r(‘activity of coke have been discussed 
by a number of workers, R. V. Wheiiia ’*^^ htjats a graded sample 
at a definite t(‘mperature in a curriait of oxygen at 400^^ C. or of 
carljon dioxide at tM)0° C. Fr'oin the oxidation reaction constantf 
the order of combustibility oliserved was “ active^ charcoal,” wood 
chare.oal, gasworks coke, patent fuel {cf. foundry coke, 

\fhile from the I’etluetion reaction constant, the jiatent fuel took 
a prior position^ to the gasworks product. E. Fischer and his 
co-w^orkers^®^ have fftlopted the carbon dioxide reduction method, 
and have ^Iso determined the temperature at which the <ooke 
commences to reduce carbon dioxide to mon<yxidt ; in the course 
of their work th(‘y confirm tin* observation that any circumstance 
in manufacture w'hich tends to lessen the surface by covering it 
with the coke i*(‘sidue obtaiiK'd by heating tar decreases the com- 
bustibility. These chemists, and also K. Bunte and V. KblmeV®® 
conclude tliat it is the method rallu'r than the temperature of 
production that mainly determines the charactei of the coke. 
K. Bujite^^^ suggests that during carbonisation the stage 100”-400'^’C/. 
should be passed through comparatively rapidly, and the stage 
400' - 050'’ comparatively slowly F. Heyd, mter alia, discusses^®® 
the effect of the conqiosition of the inorganic matter present in the 
coal on the combustibility of the coke ; easily' reducible iron and 
other metallic silicates hawo a deleterious effect, wMe the alkali 
silicates (present in charcoal) are of minor importance. This 

cl Ann. Repta., 1U22, 7, 19. 

,/. Iron and ^SU d In.d., 192:1, 107, 27 ; J., 192:i, 552 a. 

CJ J., 1922, 190t, 492a. 

i«3Amer. Ihst. Mjii. ami Mot. Eno., 192,1; vj. J., 1923, 430a. 

J. l>on and Steel Ind., 192:1, 107, 75, 

105 p K. Broimr, and H. Brocho, Bren thdoff-C hem. ^ 1923, 4, 23, 

KIS ; J., 1923, 25(U, 097a. 

Gits- u. M'as.serjaeh, 1922, 66, 592 ; J., 1923, 132a. 

iSrenndoff-Chevi., 1923, 4, 107 ; J., 1923, G97a. 

CJ. (-1. E. Kowvell, Goa World, 1923, 78, Cokinq Sect., 48 ; 4-^s., 1924, 

B, 4. 

BrennslofJ-Jthem., 1923, 4, 273 ; J., 1923, 813a, 1009a; ibid., 1923, 
4, 359 ; .165., 1924, B, 4. 
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opinion is ojiposed by F. Schreiber,^^^ who regards the graphite 
foiTiied Uy methane decomposition as the most important factor. 
This author is supp^ted by G. Agdc and F. Recke/^^ and by 
H. Rroche/^^ who suggests that the ash catalytically accelerates 
graphite formation. 

The forms in wliich sulphur is present in cok(‘ is the subject of a 
number of paj^ers by A. R. Powell.^^^ Ck)kc prepared by the usual 
ecwnmercial processes is found to contain, before it is cooled, dhly 
two forms of sulphur— sulphur in solid solution, and ferrous 
sulphide with^ smaller (Quantities of other sulphides. When coke 
cools, ev(m with limited access of air, oxidation of ferrous sulphide', 
gala's Q:)la(;(^ with the formation of free sulphur and sulphates. 
When coke is qucmcfied the decomposition of the sulj)hide is iiiconi- 
j|)k‘te, du(5 to the spc'ed with which the temperaiure is brought 
below that necc'ssary for oxidation. The fr('(; sul])hur thus pro- 
duced is mlsorbed and its removal has [)roved diJliculf. WIkui 
hydrog(‘n is led through red-hot coke the sulphur rc'inoved is 
(Idivc'd fro?ri the ferrous sulphide. (Vike ])r('])ared in the laboratory 
•;()iiiains, in addition, adsorbed sulphur w'hic];) at* higher tc'mpera- 
tui(^s pass(‘s into solid solution. I’he relati(jnship of these results 
to llie blast-furnace reactions is consid(Ted, and a meth^ for the 
(kit'rm illation of the free sulphur is given. 

The behaviour of sul])hur during the gasification of coke has 
b('(‘M studied by 8. IVxton and J. W. (V)bl)d*‘'* who find that the 
sul])hur constituent assumed by PowtII to be in solid solution coulcf 
inily be separated by complete gasification of the carbon. High 
( oncent rations of steam in the gases leaving the coke promoted 
inde])endent decomposition of the sulpMde suljihur in the early 
stages of gasilication. TJie w'hole of the sulphur removed is in tlie 
form of hydrogen sulphide or carbon oxysulphide, and only 2-3% 
is obtained as free sulphur. A. Lissnor'^^® finds that the addition 
of d-lO’Jo <^f met {flic iron exerts a beneficial effect on the dcsul- 
phurisation of coke by hydrogen or clit-irine • the same ahthor has 
also conducted experiments on the coniQiletc removal of sulphur 
from the original coal. 


Gas Purification. 

Attention during the year has naturally been cjoncenirated on 
the elimination of sulphur and cyanogen compounds. To remove*' 

Brmnstoff.Chcm., 4, 341 ; .46.v., B, 4. 

1023, 4, 341 ; .465., 1024, B, 4. 

1923, 4, 343 ; Abs., 1021, B, 4. 

^mcr. Cheni. Soc., 1023, 45. 1 ; Arner. Inst. Min. and Mot. Eng., 
10^3 ; Ind. Eng. dhem., 1023, 15, 051 ; J., 1923, 214a, 43Ga, 4r)5A, 097 a, 
leeoA. 

, Inst. (las. Kng., 1923 ; J., 1923, 755a. 

« BminstoSJ.Chcm., 1023, 4, 305 ; J., 1023, 1103a 
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hydrogen sulphide and hydrocyanic acid, the gas is washed with 
an alkali carbonate solution, and the latter is then recovered by 
blowing with , gases containing carbon dioxide, or by heating 
with st6am accompanied by aeration^^®; in the patent covering 
the former method it is mentioned that the potassium salt is 
preferable to that of sodium, inasmuch as a more concentrated 
solution may be employed, and the size of the plant can be cor- 
respondingly reduced. Details are given by E. H.Bird^^® of plants 
working such a purification process with capacities up to 12 
million cub. ft. of gas a day ; in the cases cited coal gas was purified, 
obtaining an 89-91 % removal of hydrogen sulphide, with a con- 
sumption of 0 '062 -0*019 lb. of soda ash per 1000 cub. ft. Alter- 
natively, a solution containing nickej sulplftite, ammonia, and 
ammonium sulphate may be used, the purifying material being 
recovered by aeration, if necessary under pressure likewise^ 

alkaline iron solutions may be employed containing si^fiicient 
o^xalic acid to convert the iron present either completely, or for the 
most part, into ferrioxalate.^^^ An extension of the Koppers Cd.'s 
patents provides for the recovery of sodium thiosulphate by crys^ 
tallisation from the liquor resulting from the main process, after 
concentration.^^ * 

^ Still other proposed methods for desulphurisation are absorption 
by lime at 600°-10G0° C., with subsequent regeneration of the lime, 
and adsorption by activated charcoaP^^ and, indeed, if literature 
'SO far published were the sole criterion, activated charcoal would 
promise to be well-nigh the panacea of a gas manufacturer’s ills. 

To recover sulphur from the charcoal, F. Schreiber’®^ suggests 
the use of tetralin as a solvent, and R. KattwinkeP^e that the 

same reagent may be employed in the case of spent oxide ; as a 
substitute A. Jaeger recommends the hydrocarbon frac^iion 
boiling between 200° and 210° C., obtained by distilling a low- 
temperature tar. ^ 

Cyanogen compounds may be removed by treating the gas with 
alkaline-earth bicarbonate or carbonate in the presence of hydrogen 

117 T. L. rJtit, E.P, 195,061. Koppors Co., E.P. 190,116, 190,117, 
190, U9. 

1 ^ Koppers Co., E.P, 169,996; t^.S.P. 1,440,977; Gas World, 1923, 
78, 2(f. (If. TJ.IS.P. 1,436,190; J., 1923, 46a. 

^ Chem. anU Met, Eng., 1923, 29, 16; J., 1923, 815a ; c/. also W. S. 

Blauvelt, Gas Age Record, 1923, 52, 334. 

Ges. f. Kohleiitechnik, E.P. 186,316 ; J., 1923, 887a. 

Badische Anilin u. Soda Fabrik, G.P. 368,245 ; J.,1923, 642a« 

^ The Koppors Co., E.P. 200,760. 

i2»E. Will, Ghem. Zentr., 1923, 94, IV., 896 ; Ahs,, 1924, B, 5 . 

12 * E. Will and L. Koster, ihid., 1923, 94, IV., 895 ; Aba,, 1924, B, 5. 

126 Brennatoff^Chem., 1922, 3, 355 ; J., 1923, 42a. 

Ibid., 1922,^, 310. 

^27 Ibid., 1922. 3. 356 : J.. 1923. 43a. 
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sulphide and ammonia, whereby cyanide is converted into ammo- 
nium thibcyanate^^® ; copper or ein presence of ammonia forms 
tljc subject of a pateift^*^® for the same purpose (this- also removes 
hydrogen sulphide). According to another patent, leaching spent 
gas-purifying material with solutions of soluble sul])hidcs removes 
both sulphur and cyanogen compounds. A. Delcleve^^^ gives a 
summarised account of the method of cyanogem extraction by 
cohversion into sodium ferrocyanide with sodium carbonate and 
ferrous sulphate, and thence into Prussian Blue. 

• 

Bknzol Recovery from Gas and Benzoj. Refining. 

• Wash-oil processiiB for the recovery of benzol from town's gas 
and coke-oven gas are at p;;escnt in universal practice in this 
country, but increasing attention is being paid to the possibilities 
of the us(5 of solid adsorbents, the falling price of the prodjict, con- 
trolled 'to some extent by petrol prices, necessitating attention 
bemg devoti'.d to methods that promise a reduction in-workirig 
costs or an increase in yield of the refined produc^. 

• Benzol recovery from town's gas is now only adopted at a few 
favourably e(iui})pcd works, and interesting figures relating to the 
present and potential supplies of benzol are given by W.C^TAdam 
in his statement of evidence laid before the Ministry of Transport 
Committ(;e on Motor Fuel Taxation. 

A full description of the Langley Park recovery and rectification 
])lant has been given by B. Westhorpe,^^^ in which the factors that* 
control the cffi(’iency of the processes are briefly referred to and 
certain recommendations are made. American gas oil is found to 
yield good working results if the produ(ft is sold as motor ^spirit, 
and the presence of a small percentage of paraffins is thus not 
deleterious. Gas oil possesses the advantages of being a good 
naphthalene solvent, and B. Richardsdn^^^ has described its 
employment for elfminating naphthalene from town’s gas, the used 
oil serving as an enriching agent foii the water-gas installation. 
W. B. Leech and E. Edwards, at Beckton, have developed the use 
of gas oil f Of the dual purpose of naphthalene reiyioval andi benzol 
recovery with marked success. K. Bunte,^^^ using coaf tar oils, 

G. Taplny and W. L. Galbraith, M.P. 202,024 ; c/. .4/m. 

6 , 03 . 

P. von der Forst, G.P. 301,324 ; J., 1923, 593 a. 

“8 Khein. Ver. Chem. Fabr. A.-G., G.P, 372,327. 

a Ind., 1923, 10, 632; Abu., 1924, B, 5. (JJ. E.P. 181,719 ; 

1923, 268a. 

Gas World, 1923, 78, 604. 

JbiA, 1923, 78, Coking Sect, 35 ; J., 1923, 436a. 

Gas J., 1923, 164, 515 ; J., 1923, 152t. Also J. Parker, Gas World, 
1922, 77, 236. 

• “'^K. Bunte,to- u. Waaserjach, 1923, 66 , 490, 607; J., 1923, g04A. 
(/•also K. Bunte and H. Pippig, ibid., 1923, 66 , 667 ; Abs., 1924, B, 6.* 
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avoids naphthalene difficulties by adding fresh' oil to the enriched 
liquid, submitting it to a preliminary steam distillation before 
use. The light oil residue after benzol di^illation is cooled and 
the fluid fraction returned to the wash oil to reduce “ ageing.” 
The desirable maximum of naphthalene in the wash oil is placed at 
10%, the method of GlascT and Metzger being recommended for its 

determination. Other jiapers dealing with the control of wash oil 
quality have been contributed by R. Geipert,^^® T. Biddulph- 

vSmith,^®® and R. E. Wilson.^^® Cantelo^^^ discusses the effect of 
temperature on the recovery of volatile solvents from gases. 
E. Raschig claims^*- to have reduced the exj)en(iiture of steam 
to I J times, and of cooling water to 10 times the amount of tljio 
recovered benzol, using tow'er scrubbers packed with Raschig 
rings, effective h(‘.at exchangers, and vacuum distillation of thp 
rich oil with indirect steam as the heating medium. This paper 
should be read in (conjunction with a valuable coipm unication 
by E. Plenz, K. Bode, and T. Werner, in which the complete 
thermal' diagrams for a benzol recovery plant arc given * 
The theory of ga.s absorption by liquids is the subject of papem 
by W. G. Whitman, M. B. Donald and C. W. Tyson, R. T. 
Haslam.l'^®^ 

H. S. and M. D. Davis^^^ describe an apparatus for vapour 
pressure measurerfc'cnts to be employed in benzol recovery process 
control. 

^ Reference was made in the 1922 Report to the u.se of charcoal 
as an adsorbent. During 1923 strong claims have been advanced 
for the silica gel proccss.^^* An article by Rex Eurness serves 
as a useful introduction to the comparison of the oil and solid 
absorbent processes. Comparative figures for the w'ash oil and 
active carbon processes are also given by Steding.^^® *The 

1921, 502a, 805a. 

u. Wassnrfcwh, 1923, 66, 394, 414 ; J., 192^, 821a, 

Ib\d., 1923, 66, 161 ; J.^ 1923, 303a. 

Goa World, 1923, 78, Coking Sect., 61 ; J., 1923, 098a. CJ\ P. Whit- 
taker, Ab«., 1924, B, 0. 

E. Wili^n and (*o-'V('orkers, Ind. Eng. Chtm., 192^); 15, 801, 947 ; 
J., 1923, 1009a. 

Camdian Chem. and Met, 1922, 177, 196. 

Gas- a, WasscrJ<M'h, 1922, 65, 655 ; J., 1923, 390a. 

Plenz* K. Bode, and T. Wernor, Gas- u. Wa88erfach,lQ22, 65 , 433, 
* 447 ; J., 1923, 390a. 

Chem. and Met. Eng., 1923, 29, 146 ; J., 1923, 914a. Cf. alao Oa^ 
World, 1923, 78, Coking Sect., 16. 

Tram. Inst. Chem. Eng., 1923 ; J., 1923. 

Ind. Eng. Chem., 1923, 15, 1105 ; J., 1923. 

Ind. Eng. Chem., 1923, 16, 1075 ; J., 1923. 

, CJ. W. A. Patrick, E.P. 136.543, 137,284, 159,508. 

Ghem. and Ind., 1923, 850. 

J®® Gas- n. Wasserjavh, 1923, 66, 457 ; J., 1923, 877a. 
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adsorptive charcoal* process has been developed in Germany by 
the Bayer*Co., and in America by the Union Carbide Laboratories, 
Inc.; in the first-nam®d country it appears to have been specially 
applied to the recovery of volatile organic solvents, such as alcohol, 
ether, etc., in various branches of industry. It is claimed that a 
correctly prepared charcoal has a high intrinsic adsorption capacity 
per unit volume, and that it has also a very high selectivity for 
hydrocarbons and hydrocarbon derivatives, the rate of adsorption 
decreasing very slowly in the presence of water. Silica gel, on the 
other hand, is selective for water, but it possesses the following 
advantages It is prej)ared by relatively simple processes from 
{j]ieap raw materials ; it is a hard, glassy substance which can be 
handled with a minimum of loss ; it is less readily disintegrated, 
jnd can easily be reactivated by ignition at high temperatures from 
time to time. The last point is of great importance in the recovery 
of benziil, a process in which the adsorbent is gradually poisoned 
by the suspended tar in the gas or by resin-forming unsaturate^ 
hydrocarbons. Adsorptive charcoal is employed in d' static 
process, using deep filters or jnirifier boxes, while tiie recommended 
method for silica gel consists in blowing thc*powdered material, 

' togetlier with the gas, through a series of counter-current aiisorbers, 
and ri'-covering the gel in dust seymrators of the cyclone type? 
The benzol is removed from the charcoal in siiu by superheated 
steam at 250°,^®^^ and from the gel by yiassing it through an activator 
heated by furnace gases to 150'^ C. Periodic activation of the gel* 
at 400°-500® C. is carried out in a horizontal rotating activator 
(sec p. 52). There appear to be prosyiccts of both processes being 
tried in this country in the near future. ^ full investigation of the 
silica gel process has been conducted by E. Williams for the 
National Benzole Association, but the results have not yet been 
published. 

A paper of intfiise interest has been contributed by N. K. 
Chaney, A. B. Ray, and A. 8t. John.^^*^ The authors summarise 
the theories relating to the action of adsorptive charcoal, its 
preparation, and its practical usage. Briefly, they postulate for 
their method of preparation the primary formation of* a stable , 
adsorption complex between the carbon and the residual hjdro- 
carbons, and the activating ynocess consists in the elimination of 
the latter by means of controlled oxidation, the •stages of the, 
process being closely followed, whereby a product of determined* 
optimum density is produced. Carbons are obtained of a higher 
adsorptive capacity than silica gel, but in the practical application 

C/. Berl and W. Sehwebel, Z, mgew. Ohem., 1923, M, 641, 552 ; 
J.. 1923, 1210a. 

158 M. Eng, Chm., 1923, 16, 1244. 
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thereof one has to remember that a cireulatfcig reagent of a low 
index figure is often of more value than a static mass of material 
possessing a greater jiower of adsorption, ir 



The manufacture of adsorptive charcoals is also the subject of 
papers by A. E. Ray^^^^nd by 0. Ruff,^^^ and his co-workers 
The recovery process has been the subject of patents by the 

C/tem. and Met. Eng., 1923, 29, 354. *' 

15* Kolloid-ZeHs., 1923, 32, 225 ; J., 1923, 644a. 

155 Cj. also J. Driver and J. B. Firth, Cham. Soc. Trans., 1922, 121, 2409 
J., } 923, 81 A, anc> J. B. Firth, J., 1923, 242t. • 
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Gasoline Corporatioli,^®® and by the Bayer Co.^-- /a valuable 
bibliography is appended to Ray s paper. 

' ^n ingenious apparatus which admits of continuous adsorption, 
recovery, and reactivation of the charcoal in one unit is patented 
by Meister Lucius, und Briming.^''’® The charcoal is carried in a 
liollow rotor, having a series of radial compartments which con- 
s(‘cutive]y ])ass through zones connected to rich gas, steam, and 
,stri^)])e(l gas supplies. 

E. Berl and K. Andress'^® describe a simple method for deter- 
mining absorbing ixm'er by measuring the temperature rise in a 
calorimeter on additioTj of a known weight of !he absorbent to 
li c.c. of benzene. Lfiboratory apparatus for the determination of 
condensible hydrocarbons has been described by F. Haber and 
liy R. Kattwinkel.^^’^ In both cases the condensed vapours are 
recovered by m(‘ans of superhc*ated steam. A. Kriegqr^^- has 
exarnindl tlK^ discre])ancics of th<^ method, and engages in polemic 
with R. Kattwinkel.^^*'* A. L. Davis^®^ claims greater accuracy fof 
a process involving the distillation of the rich (diai^ual with cresol, 
th(‘ latter being removed from the distillate with caustic soda. 

Sortie properties of silica gels are considered in a com^nimication 
by E. Berl and W. Ih’ban.^^''^ A pa])cr by E. M. Faber and his« 
co-workers^®® demonstrates the long economic lif(^of silica gels when 
cm])loyed in removal of pure substances such as water or benzene 
from air, but does not deal wi h practical cases in which “ poisons ” 
ai‘e ])resent. The Baycu* Co.^®’ in the manufacture of silica gel 
submits the hydrosol lirst formed to pressures up to 350 atmospheres 
to remove a large fraction of the water, and then wash and dry 
at gradually increasing temix^ratures up *to 200° C. Other*solid 
inorganic adsorbents referred to in the literature are fuller’s earth^®® 
and tron hydroxide gel.^®® 

Another importajit use which may be considered here is the 
employment of silica gel for the juirification of petrolcimi and 

J=«U.S.P. 1,453,215; J., 1923, IOOOa. 

G.P. 310,092 ; J., 1921, 204a. 

E.P. 187,223 ; J., 1923, 386a. 

Z, ongnv. Chon., 1922, 35, 722 ; 1923, 127a. 

Chem.-Zeit., 1923, 47, 62 ; J., 1923. 176a. 

Bremistqff-Chfm., 1923, 4 , 179; J., 1923, 099a; Chem.-Zeit., 1923, 
47, 682 ; ^6^., 1924, B, 6. * 

Chem.-Zcit., 1923, 47 , 357 ; J., 1923, 538a. 

Chem.-Zeit., 1923, 47, 682 ; Ab.s., 1924, B, 6. 

^^^Ind. Eng. Ghem., 1923, 15, 689 ; J., 1923, 813a. 

Z. angew. Chem., 1923, 36 , 57 ; J., 1923. 

E, Faber, H. G. Olson, and W. A. Ta 3 dor, Cfiem. and Met. Eng., 
1923, 28 , 805 ; J., 1923, 604a 

E.P. Appl. 24,495 of 1923. 

K. Ikeda, E.P. 202,795 ; J., 1923, 1011a. 

B. Lambert, E.P. 188,786 ; J., 1923, 39a. 



Gi RJ^roitTS OF THK OF APFLIED CHEMlfeTltY. 

‘ / 

)>eii2ol difetillatt*t<. The rciiioval of sulphur compouikds froui 
petroleum distillates by this process is now an adopted practice* on 
the larp. scale, and its application to benzof is under consideration, ^ 
A. C. Fieldner and G. W. Jones find that agitation of crude 
benzol, distilling up to 143" C., with 2-5% of its weight of sodium 
hydroxide, followed by iiercolation through tlie gel, yields a motor 
fuel free from the gum-fonning substances present in the crude oil, 
together with imp^o^'ed recovery as compared with the custonlary 
acid process. The sulphur content, mainly due to carbon bisul- 
phide, is reduced by subsequent careful fractionation. It is to be 
noted that the product w'ould not iiass the present accepted speci- 
fications as regards {*ither colour or th(‘ acid test for unsaturatrd 
compounds. 

An interesting paper bearing u]X)n corrosion by motor fuels hfs 
been pubhshed by W. R. Ormandy and M 0. Craven, who liave 
noted the presence of, and determined quant itativ.ely the fret^ 
'sulphur present in various jietrols and benzols. British motor 
benzols, as a geperal rule, were found to be free from this impurity, 
but not so continental samples. In the latter case, the use Of 
highly concentrated sulphuric acid in washing may be a c,ontri- 
, buting ‘factor ; and in both cases, imperfect fractionation before ' 
acid treatment,’^ and high temperatures during the washing 
process are the pfobable cause. 


Gas Analysis. 

But few’ matters of outstanding interest are to be chronicled in 
the analysis of coal gas. A modified form of Hempel explosion 
pipette designed to eliminate leakage is described by K. Tiddy,^^® 
a new Bunte pipette by A, Kricger,^’^ and an exact gas burette by 
H. J. M. Creighton.^’*'’ An automatic carbon monoxide recorder 
is described by G. B. and H. S. Taylor^’® ; this instrument depends 
on the ^ conversion of the monoxide into dioxide, absorption of 
the latter by standard ammonia, and determination of the variation 
of electrical resistance of the resulting solution ; an accuracy of 
0*2%^ is claimed. The determination of hydrogen in producer-gas 
ha^ cafied forth an instrument designed by Siemens u. Halske 
A.AI.,^^ which depends on the variation in thermal conductivity of 

dhem. M Met. Eng., 1923, 29, 643 ; J., 1923, 10r)8A; r/. also E.P. 
190,553 ; J., 1923, 174a, and F. G. P. Romfry, E.P. 205,808 ; ^6«.,1924, B, 9. 

J. Ind. Petrol Tech., 1923, 9, 133 ; J., 1923, 591 a . 

”2 CJ, P. Dekkor, Chem. Weekhlml, 1923, 20, 675 ; J., 1923, 1 1 08a. H. B. 
Muller and S. Langedijk, ibid., 1923, 20, 627 ; Abe,, 1924, B, 9, 

Qas World, 1923, 79, 187. 

CUmMt., 1922, 46, 1060 ; J., 1923, 76a. 

176 Trans, Nova Scotian Imt. ScL, 1919-20, 15, 116; J., 1923, 1046a. 

J. Ind. Eng. Chem., 1922, 14, 1008; J., 1923, 70a. 

* K. Wilhefm, Feuermgstech., 1923, 11, 171 ; J., 1923, 691 A. ^ 
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the gaSj this bc‘iiig*found by the electrical rcsisttaucc of two wires 
which vjwies with temperature. Aii apparatus for determining 
the moisture coiitenl^of a water-gas is described by R* Laut.^’® 
"rtie principle involved depends on the local redu<5tion in 
pressure caused by a baffle or constriction in the pipe .through 
which the gas is passing. If two constrictions be used, and 
the water vapour be removed between them, the additional loss 
in* pressure is a measure of the volume of the aqueous vapour. 
It is claimed that the average eiTor is about 1%. A portable 
ga& apparatus of the Orsat type is the subject of a patent 
by D. M. Mac'donald^"® and the determination of carbon dioxide 
in gases of a paper by H. Strade and K. Kling.^®® A device 
for finding the specific gravity of natural gas is described by 
^T. R. Weymouth, R. P. Anderson, and J. R. Fay,^®^ and a 
discussion of the methods used in determining accurately the 
densities of industrial gases is contributed by M. 8. Blanchard.'®- 
A new automatic pressure and temperature corrector for ggis 
vdumes — an improvement for the Beasley recorder — is described 
•by C. H. Beasley.'®® 

R. Kattwinkcl,'®'' in view of the fact that small amounts of 
carbon dioxide are not determined accurately by cuprbu» chloride, 
recommends the use of iodine i)entoxide in such cases, the reaction 
proceeding rapidly and quantitatively at •110®“-120° C. It is 
necessary first to remove unsaturated hydrocarbons ; this he 
accomplishes by the use of charcoal. A reagent frequently employed 
in practice to achieve this end is a solution of bromine, but F. S. 
Sinnatt and L. Slater'®^ have found that by this method some 
volatile compound is produced which is^not absorbed, and conse- 
quently as much as 0-012% of carbon monoxide may be in?licated 
in a gas which is really free from it : hence they suggest substituting 
10% fuming sulphuric acid for the bromine solution ; normal 
results are thus c4)tained. 

Sulphur dioxide in flue gases is d(Vx)rmined by K. Balthasar 
by passing the gas through 25% caustic soda, acidifying with 
acetic acid, and titrating with iodine. Naphthalene is defjsrmined 
in coal gas'®’ by passing the gas through a standard lolu^ion of 
picric acid and determining the increase in the electrical resistance 

1^8 Qas. u. Wa^scrfach, 1922, 66, 257, 277 ; J., 1923, 51>Ga. 
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“V., 1923, 457t. 
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*83 Fuel, 1922, 1, 241 ; J., 1923, 133a. 

“8 Chem.-Zeit., 1923, 4, 226 ; J., 1923, 391a. 
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of llie resulting solution ; ethylene is determined^®® by treating 
the gas with S7% suliihuric acid (which absorbs only higher olefines) 
and subsequently applying the bromine wa,^.er method. In con- 
nexion alth ethylene absorption, W. Traube and R. Justh^^® 
point out that a mixture of chlorosulphonic acid and sul])huric acid 
is as efficacious as is fuming sulj)huric acid for analytical purpos(‘s, 
whilst commercially it has the advantage of more readily yielding 
derivatives of ethyh'ne of technical value. 

J. W. Whitaker directs attention to the fact that in d(’ter- 
mining methane in mine airs by slowly burning it in contact with 
a lieated platinum s])iral, the latter must be raised to a M'hite heat, 
and the gas exposed to the action of it for li 4 minutes ; otherwis^^ 
the mctliaiK! is not eomph'tely oxidis(‘d. 

Qualitative tests for discovering the presejice of small amounh^j 
of hydrocyanic acid by jucrate, guaiacum, and phenol] )htha kin are 
given by S. H. Katz and K. S. Longfellow.^ 

‘^Some notes by J. W. Wood on gas calorimeters and other instru- 
ments used in gas works w'ill be found at the end of this report." 

c ^ 

, CoiiRosroN. 

The corrosion of iron materials em])loyed in gas engiiu'cring 
has again occasioiu'd a number of contributions. H. K. Williams 
maintains that the internal corrosion of ])ipes is caused chiefly by 
the coincident action of carbon dioxide, moisture, and air ; he 
considers that this is accelerated by the removal of the condensate 
of tarry matter and hc'avy hydrocarbons in the pipes conseqmmt 
on the decrease in the iktuminative povver of the gas ; and that 
any h]/drocyanic acid is innocuous, and not germane to the cor- 
rosion, though it is secondarily absorbed by the iron oxides. /_)n 
the other hand, H. G.Colmaid®'^ maintains that the part played by 
traces of ammonia and hydrocyanic acid j^rodudng a porous layer 
of f errocj anides is of importance: he is of opinion that these 
gases in conjunction accelerate the rate, and particularly the 
initial gfage of corrosion— -the bulk of which is effected by the 
carbon dioxide and oxygen in the gas. B. Richardson considers 
this f»hase of the hydrocyanic acid problem is but secondary. In 

H.^Tropsaii and A. von rhilij)povich, BrnwfilojJ-Cham., 1923, 4 , 147 ; 
J"., 1923, r>9lA. 

BirmisUtfirhvm., 1923, 4, laO ; 1923, 591 a. 

FiU'l 1923, 2. 202 ; J., 1923, G9Sa. 

,/. huh Hyq., 1923, 5 , 97 ; 1923, 85,3a. 

J., 1923, 162 , 725 ; J., 1923, 099a ; cj. also B. Kichardson, 

1923, 164 , 515. ^ 

^>*3 Gas J., 1923, 162 , 794 ; J., 1923, 75Ca. See also Taplay, Gas World, 

1 923, 78, 4G0. 

i;’* Gas World, 1923, 78, 402, 408. 
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this connexion ifmAy be pointed out that U. R. Evans*^®^ snows that 
if fre(5 acQpss of air to the metal be prevented, corrosion is limited to 
a small area, which i« then ra])idly attacked, thus explaining the 
i\4])id corrosion in pits ” and areas covered by porous oorrosion 
products, and J. H. G.Monypenny^®® demonstrates that ammonium 
chloride solutions exert a staining and pitting action even on 

stainless " steel. 

Bertelsmann^®’ enumerates the desiderata for the media in which 
pipes should be laid — porous soil, a channelling of sand, freedom 
from acid water, and absence of stray electric currents ; he 
further recomhiends a, neutral oil as an efficient protection for the 
melal parts of a gas joMer, and suggests that the only real remedy 
for internal corrosioh of gas pipes is adequate purification of the 
pis — a suggestion emphatically endorsed by B. Richardson 
[loc. cil.). 

B. /{schokke,^®^ in vi(^w of the known ])roteciive action of 
chi'omates, recommends that iron structures be coated with an 
emulsion of grease^ and a solution of an alkali chromate ; also 
^hat the metal in reinforced concrete be covered with a layer of 
concrete containing a soluble chromate, whilst R. J. Milbourne^®® 
strongly urges the construction of gasholders of wTovgl^t iron in 
])lace of mild steel on account of the less corrosion experienced by 
the former. 

Articles dealing with the gais-works application of the more 
])opular anti-corrosive paints have been contributed by J. G., 
Bearn and H. Chaloner,^^^** and attention may be directed to a 
new volume on The causes and prevention of corrosion,” by 
A. Pollitt (Berm Bros.). 

Ammonia and Ammonium Sulphate. 

*• 

The possibilities of increasing the yield of ammonia in the 
carbonisation of ceal have received further attention. R. A. Mott 
and H. J. Hodsman-®^ have given their experimental results to 
show the effect of contact materials, and of the nature of the 
atmosphere on the dissociation of ammonia. ^ Water , vapour 
exercised an inhibiting effect ; a small projiortion of oxygen 
produced a similar result, possibly due to jireferential unionVwith 
hydrogen to produce water va])our. In hydrogen the decomposition 

Tnst. Metals, Sept., 1923; Trans. Farad y *SV., 1923, 19 , liOl ; J'.,*' 
1923,458 a, 983a. 

Faraday Soc.. April, 1923 ; J., 1923, 457a. 

Oas- u. WasscrJarJi, 1922, 65, «>8« ; J., 1923, 133a. 

Rev. MH., 1923, 20 , 1«5. 

Qa* World, 1923, 79 , 445. 

Ibid., 1923, 78, 200. 

^^UbkL, 1923, 78, 139. 

1923, 4, 26, 29t 
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was loss tlian in coal gas, but was increased oy nitrogen. K. A. 
Mott“^“ from a considoration of earlier work of the Leeds group 
HUggestK previous removal of ferruginous ash^ and rebuilding of old 
oven wfdls, then^by minimising catalytic decomposition, coupled 
with steaming during the 22nd to 2fith hours of the coking period, 
a period during which ammonia evolution is greatest and thermal 
decomposition high. 0. E. Foxwell-”^ criticises the financial 
aspect of the proposition. 

High yields of ajnmonium sulphate have been obtained from 
the vertical retorts at the Coatbridge Gas Works under the rela- 
tively low carbonising temperatures possible with Scottish coals, 
and the beneficial effect of the fairly heavy steaming employed i^ 
demonstrated by G. Braidwood.^®'* The passage of blue w^ater-gas 
into the base of the retort Avas shoAvn to be of no assistance under 
tlie conditions cited. H. E. Krau2«« reports increased yields oi 
ammoniit by steaming in horizontal retorts with simultaneous 
production of water-gas, likewise by cooling the free space in the 
retort by introducing water-gas during distillation, Avhile 'N. 
Ghristmann (]faotcs the results of further experiments on the 
influence of alkaline -earth carbonates on the gasification of fixed 
nitrogen /in 'ooke with steam and air. In continuation of the work 
6f A. C. Monkhouse and J. W. Cobb,^®^ B. Pexton and J. W.Cobb 2 ®* 
have further studied the action of steam in liberating nitrogen and 
sulphur from cokes prepared in different AA'ays and conclude, inier 
talia, that the proportion of nitrogen recovered as ammonia is 
dependent on the concentration of undecomposed steam in the exit 
gases and on the temperature of gasification. It is shown that 
considerable nitrogen is ^recoverable as ammonia from soft and 
inediitin cokes without gasification of the corresponding percentage 
of free carbon, but not from very hard cokes. Present-day j^as- 
Avorks practice for ammonia recovery is reviewed by F. Plenz *^® 
and recommendations are made for efficient plant control. 

The production of neutral ammonium sulphate in this country 
has reached 70®/o of the total manufacture ; a number of patents 
coveriij^g new i)rocesses or plant have been published, but they 
involve no new 'principles. The contributions on this subject in 

am World, 1923, 78, Colchig ,Scrf., 21. 

Ami. Rept^., 1922 ; J., 1923, 4t. 

Gas WorM, 1923, 78, Coking Sect., 22, 47. 

• (1. Bmidwood, Ga^ World, J923, 78, 637 ; J., 1923, 755a. 

206 Gm- u. Wasserfach, 1922, 65, 532 ; J., 1923, 132a ; cf. Gm J., 1921. 
153, 804, and other earlier work. 

20’ Gm‘- n. Wanfferjaeh, 1923, 66, 249 ; J., 1923, r)90A. 

Gas J., 1922, 158, 828 ; J., 1922, 632a. 

209 Ibid., 1923, 163, 160 ; J., 1923, 766a. ‘ 

2J0 Gas. n. Wasserfach, 1923, 06, 97 ; J., 1023, 299a. 

2“ British Sulphate of Ammonia Federation Report, 1923 ; Chem. and Ind,, 
1023 [cf. Chim. ct ^Jnd., 1923, 9, 183, for the French figiu^a]. * 
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thu oolul.uils of tlie Ga^ World iiiul Chemical Age for Fcbnuiiy, 
March, *iid April arc. of interest to the small mamifaclurcr. 

« The Chief lnsj)eet^r of Alkali Works -^2 attention to tlie 

lack of scientific control prevailing in many ammonium' sulphate 
works, thus leading to reduced economy of working and accentuat- 
ing the difficulty of disposing of spent liquor. Interesting data 
relative to lime use and volume of effluent Hquors are quoted. A 
paper by P. Parrish-^^ provides a sound basis for the investi- 
gation of plant conditions, and subsequent attainment of good 
results. , 

^ A method of removing ])henols and similar su])stances from 
spent liquor by tne'ans of furnace gase.?^^*^ is stated to have yielded 
^improved results, analyses indicating a volatilisation of 71% of 
the phenols with a reduction of 42 in the oxygen absorption 
figure,. The method gives no definite reduction of the thiocyanate 
and thiosulphate present, but the em])loyment of two gassing 
ttTwers in series to effect substantial removal of the phenols, 
• followed by the action of bacteria on specia’lly prepared filter 
beds, promises greater success in the reduction of the oxygen 
absorption flgure.^^^ « ^ 

A number of methods for the recovery or utilisation of ammonia 
from coal gas without juior manufacture of sulphuric acid have 
been examined. In a process developed in connexion with a 
synthetic ammonia plant, a mixture of ammonia, sulphur dioxide, 
and oxygen is passed through a toAver against a descending spray 
of w ater or ammonium sulphate solution.^^^ C. Still washes 
coal gas with strong sodium chloricfe solution, and treats the 
liquor leaving the washer with carbon dioxide in (excess to produce 
sodium bicarbonate and ammonium chloride. E. L. Pease 
produces a compound fertiliser by emplo 5 ring as the ammonia- 
extracting material in a trough fitted with a rotating worm a 
prepared base obtained by heating peat with a dilute 'solution of 
crude phosphoric acid and potassium sulphate fthe ammonia in 
the gas being recovered as a phosphate). The pi;oof of thcbeconomy 
of this process will be aw^aited with interest. A general survey of 
the direct use of ammoniacal liquor for fertilising purposes has 
been published 


212 Cf. J., 1922, 317r ; Qas J., 1922, 159 , 213. 

1922, 229t ; Proc. Chem. Eng. Qroup^ 4 . 
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World, 1923, 79 , CoMng Sect., 80. Seo also E.P, 191,415. 
GaS’ u. WaaaerfacJi, 1923, 66, 25, ' ^ 
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was loss tlian in coal gas, but was increased oy nitrogen. K. A. 
Mott“^“ from a considoration of earlier work of the Leeds group 
HUggestK previous removal of ferruginous ash^ and rebuilding of old 
oven wfdls, then^by minimising catalytic decomposition, coupled 
with steaming during the 22nd to 2fith hours of the coking period, 
a period during which ammonia evolution is greatest and thermal 
decomposition high. 0. E. Foxwell-”^ criticises the financial 
aspect of the proposition. 

High yields of ajnmonium sulphate have been obtained from 
the vertical retorts at the Coatbridge Gas Works under the rela- 
tively low carbonising temperatures possible with Scottish coals, 
and the beneficial effect of the fairly heavy steaming employed i^ 
demonstrated by G. Braidwood.^®'* The passage of blue w^ater-gas 
into the base of the retort Avas shoAvn to be of no assistance under 
tlie conditions cited. H. E. Krau2«« reports increased yields oi 
ammoniit by steaming in horizontal retorts with simultaneous 
production of water-gas, likewise by cooling the free space in the 
retort by introducing water-gas during distillation, Avhile 'N. 
Ghristmann (]faotcs the results of further experiments on the 
influence of alkaline -earth carbonates on the gasification of fixed 
nitrogen /in 'ooke with steam and air. In continuation of the work 
6f A. C. Monkhouse and J. W. Cobb,^®^ B. Pexton and J. W.Cobb 2 ®* 
have further studied the action of steam in liberating nitrogen and 
sulphur from cokes prepared in different AA'ays and conclude, inier 
talia, that the proportion of nitrogen recovered as ammonia is 
dependent on the concentration of undecomposed steam in the exit 
gases and on the temperature of gasification. It is shown that 
considerable nitrogen is ^recoverable as ammonia from soft and 
inediitin cokes without gasification of the corresponding percentage 
of free carbon, but not from very hard cokes. Present-day j^as- 
Avorks practice for ammonia recovery is reviewed by F. Plenz *^® 
and recommendations are made for efficient plant control. 

The production of neutral ammonium sulphate in this country 
has reached 70®/o of the total manufacture ; a number of patents 
coveriij^g new i)rocesses or plant have been published, but they 
involve no new 'principles. The contributions on this subject in 

am World, 1923, 78, Colchig ,Scrf., 21. 

Ami. Rept^., 1922 ; J., 1923, 4t. 

Gas WorM, 1923, 78, Coking Sect., 22, 47. 

• (1. Bmidwood, Ga^ World, J923, 78, 637 ; J., 1923, 755a. 

206 Gm- u. Wasserfach, 1922, 65, 532 ; J., 1923, 132a ; cf. Gm J., 1921. 
153, 804, and other earlier work. 

20’ Gm‘- n. Wanfferjaeh, 1923, 66, 249 ; J., 1923, r)90A. 

Gas J., 1922, 158, 828 ; J., 1922, 632a. 

209 Ibid., 1923, 163, 160 ; J., 1923, 766a. ‘ 

2J0 Gas. n. Wasserfach, 1923, 06, 97 ; J., 1023, 299a. 

2“ British Sulphate of Ammonia Federation Report, 1923 ; Chem. and Ind,, 
1023 [cf. Chim. ct ^Jnd., 1923, 9, 183, for the French figiu^a]. * 
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and A. Wc'indeP®^ suggests the following concomitant reactions 
for the processes that occur during low-tem|3cratiire tar distilla- 
tion : — Splitting-off bf side chains, dehydrogenation of unstable 
sulphur compounds, decom])osition of carboxyl groups^ depoly- 
merisation, and hydrolysis. The distillation of tars in a current of 
liydi'ogcn and in presence of a contact substance is dcscidbed by 
F. Frank, and hydrogenation under pressure in presence of tin 
by M. Mt'lamid.-^^ CVacking of a low-temperature tar for con- 
vi'rsion into permanent gas is the subject c)f a patent by A. Aicher.^^^ 

The hydr(x;arbons ])resent in these tars arc' described by 
F. Schiitz, W. iluscivmann, and H. WissebaLh,^^'* F. Schutz,^^"’ 

Fischer (who* iinds optically act ive hydrocarbons present), 
F. Seidc'nschmir,-^’ J. Marcusson and M. Picjard,*-^^^ and R. Weiss- 
•gerber and E. Moehrle.-^® 

Arnold maintains that iodine value is unsatisfactory as a 
criterion of theses tars, and recommends, as the only possibility, 
tl^ determination of aromatic and unsaturated hydrocai'bons 
^with dimethyl sulphate, and the unsaturated hydrocarbons alone 
by the mercury acjctate method of Engler and Tauss.'-^'*^ On the 
other hand, J. J. Morgan and K. P. iSoule^^- state thfit the iodine 
value is satisfactory, and also find that a good sei>aration of tlft? 
hydrocarbon distillate is obtained by Ixnling un^er redneed pressure 
with tlnec-fifths of its own volume of liquid sul])liur dioxide. By 
this means aromatic a]id cyclic unsaturated hydrocarbons are»* 
dissolvc^l. R. Schrader and C. Zerbe^^^ describe a method of 
se})arating hydrocarbons by treating with successive amounts (10% 
by weight) of picric acid and collecting the successive crops of 
crystals formed after cooling. » 

Xhe nature of the phenols present in these tars is dealt wdth by 
F. Schiitz and his collaborators — ^the higher the temperature of 
carbonisation, thtf more is the production of phenol favoured at 

BrennslojJ-dhvm., 1923, 4, 321 ; J.. 1923, 11G8a. 

231 Petroleum, 1923, 19, 908 ; J., 1923, 1014a. 

233 E.P. 171,367 ; J., 1923, 2I8a. 

233 G.P. 362,465; J., 1923, 259a. 

231 Bn'., 192.3, 56, 869 ; J., 1923, 4S8a. 

23= BreanstoJJ-Chem., 1923, 4, 84 ; J., 1923, 343a. 

23«j[ycr., 1923, 56, 1791 ; J., 1923, 820a. 

23’ G.P. 369,883; J., 1923, 762a. 

238 z. an<jeu.\ Chnn., 1923, 36, 253 ; J., 1923, 596a. 

238 BrennstoJJ-Chem., 1923, 4, 81 ; J., 1923, 343a. 

2^8 Z. angew. Chem., 1923, 36, 266, 545 ; J., 1923, 596a, 1215a. 

2"J., ;918, 554a; 1919,4a. 

Eng. Chem., 1923, 15, 587, 693 ; J., 1923, 706a, 820a. 

2« Brennaioff-Chem., 1922, 8, 372 ; J., 1923, 87a. 

. BrennstoJf^Chem., 1923, 4, 85 JBer,, 1923, 66, 1967 ; J„ 19*23, 344a, 
1 1 49a. * 
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the expense of its homologues. E. Avenariuk®^^ describes the 
carboxylic acids present, and identifies the phenols by their con- 
version into the corresponding carbaniic and allophanic esters ; and 
F. Hoffrfiann and M. Heyii have isolated the solid phenols (a 
rotary retort seems to give but small amounts of these ; probably 
local suiXTheating is the cause). 

Alkaline extraction of the cmde tar for determination of phenols 
is discussed by P. K. Breucr and H. Broche,^^’ who claim an 
accuracy of 1% (on the original tar) for the procedure they 
adopt. The same subject is elucidated by F. Green baum,‘^^^ who 
shows that the optimum concentration of, alkali for a distillate 
extraction is a 15% solution, and also quotes figures showing that 
50^0 of the theoretical quantity of a l5^,o soda solution will recover 
66 of the phenols removed by the full amount of alkali ; whilst^ 
16% of the requisite alkali will remove over 60% of tlie phenols. 

Extraction with superheated steam has also been ex|ierimented 
with : that at 225^" dissolves the lower-boiling phenols almost 
completely ; ai higher temperatures the heavier phenols are 
also appreciably soluble. It has been suggested to use the' 
water from, these extractions as a photographic developer. An 
interesting observation is quoted by F. Fischer and C. Zerbe,*”*^ 
that cresols and phenols are satisfactorily reduced to the corres- 
ponding hydrocarbons, without deposition of carbon, by the action 
f)i hydrogen in presence of small amounts of iron sulphide, or by a 
feeble current of hydrogen sulphide in presence of heated semi- 
coke, previously heated to redness in presence of hydrogen sulphide. 

Two obseivers^^’* have obtained ketones in distinct quantities in 
these fars, though Fischer notes that such results have not been 
conlirmcd in manufacturing practice by other workers. 

The basic constituents of thesc‘. tars are described by a number 
of investigators : a “ Louise ” tar contained^ pyridine, but a 
‘‘ Grefartii ’ tar contained none-^^ (both these coals are from the 
Cologne neighbourhood) ; fhe significance of this difference is 
uncertain. Various pyridines and quinolines have also been 

Z. migtu\ Chan., 1923, 36 , 1(55 ; J., 1923, 394x\. 

Brennstoff-Chem-., 1923, 4 , 209, 273 ; J., 1923, 820a, 1009a. 

Ibii., 1923, 4 , 122 ; J., 1923, 489a. 

^‘8 Oeskrr. (%em.-Zut., 1923, 26 , 147 ; J., 1923, 1168a. 

210 p Fisfhov and A. Jaeger, Brain sloff -Cham., 1923, 4 , 241 ; J., 1923, 
920a. 

200 p pisclicr, Bren nj^loJf’O hem., 1923, 4 , 225 ; J., 1923, 880a. 

Fischer, H. Schrader, and A. Jaeger, Brawatoff-Chem., 1923, 4, 
242 ; J., 1923, 920a ; cf. G.P. 374,005. ^ 

Brennet.off.Chmi., 1923, 4 , 309 ; J„ 1923, 11G8a ; c/. J., 1922, 891a. 

253 R. Weissgerber, Bramstoff-Chem., 1923, 4 , 51 ; Schiit*, ibid., 1923, 4 , 
84 ; 1923, 261a, 343a. 

»5*E. Fromm and H. Eckard, Bcr., 1923. 66. 948 ; J., 1923, 488a, , 
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isolated 2 *^- 255 ^ IT. Morgan and R. P. Soule^^fi record the fact 
that secondary bases invariably appear to be present in these low- 
temperature tars. TSic authors also give a critical review of 
tlie methods available for the analysis of the various groups of 
compounds present. 

Lastly, A. Jaeger 2 shows that the darkening of the phenol-free 
distillate from a low-tcmperaturc tar would seem to be due to the 
oxidation of certain basic compounds present — -an action which 
light accelerates. It will be interesting later to know whether the 
bases responsible for this phenomenon have a pyridine structure or 
belong to a p-thiazine type of compound. 

Tak : Tar Products. 

Successful results on large-scale operations are reported for 
types 6 f plant i)atented duiing the past few years. Two dehy- 
dration units to the design of S. Wikner,^^® in which the water con- 
tained in the tar is vaporised by means of coils heated by dry 
Steam and by the vapours driven oft* by the steam coil, have beeii 
operated in conjunction with Hird distillation plant^, increasing 
the distillation capacity 60 %, with smoother working when the 
tar has a high water content. J. L. Major 2^® has effected further 
improvements in the design of his still, in which the feed liquid is 
heated under pressure in pipes passing through the body of hot^ 
liquid in the still before being discharged against a horizontal 
heated pinto in the vapour space. A similar method is adopted by 
E. Schncll for treating watery lignite producer tars.^®*^ A number 
of units on the molten metal bath principle have been e:gected, 
and the results obtamed at Glastonbury producing refined tar 
anddight oils arc stated to be highly satisfactory. For dehydration, 
the method is attractive, regularity and flexibility of operation 
being obtained wifh the minimum of supervision, coking troubles 
arc avoided, and the plant lends itself to economic working on a 
relatively small scale. Complete distillation units operating under 
the same principle are being erected in this country and in ifenerica, 
and an account of the results is awaited with interest.®®*- 263 
Messrs. Burt, Boulton, and Haywood have converted theiF pot 

W. Clollmer, Brenmtojf^Ohem., 1923, 4, 1, 19 ; J., 1923, 137a. 

Eng. Chmi., 1923, 16, 587 ; J., 1923, 'i06A. 

Brennstoff-Chem., 1923, 4, 257 ; J., 1923, 967a. 

2«8E.P. 196,399 ; J., 1923, 597a; cf. also C. Still, E.P. 200,661 ; J.. 
1923,880a. 

=*5»E.P, 114,353, 203,743; J., 1918, 261a ; 1923, 111 4a. 

G.P. 364,214 ; J., 1923, 138a. 

281 Gas J., 1923, 164,266. 

. E.P, 184,624 ; J., 1923, 803a. 

• “83 Soo E.P. 207,366. 
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stills to a continuous system, the inter-still connexion which 
prevents siphoning being described in the covering patent 

An iDtcresting description of the Raschig process has been pro- 
vided by H. A. Prager.-’*''^ The system is continuous in oj)eration, 
^ the tar, preheated by the hot pibdi, being further heated in the first 
twt) stills by indirect steam, and in the third still by superheated 
WQtcr. The second and third stills are maintained under vacuum. 

The Wilton Co. has continued the investigation of the possi- 
bilities of the combined distillation and cracking of tar, particularly 
that from vertical retorts.^®® Apparently with a view of mini- 
mising the difficulties due to coking in the st^cond coil lieated to 
the higher tcmipcrature, they impart a spiral motion to the fluid 
by means of a continuous internal spiral fin, thus increasing th(^ 
scouring action and improving the h(‘at intercha-nge.^'^^ facili- 
tate replacement of the pipes in the cracking section th(‘ coils are 
placed side by side instead of concentrically.*^^*® 

The deliydratlon of lignite ])rodu(5er tars is discussed in two 
papers,^®^ and the precautions necessary to prevent tlie formation 
of persistent emulsions of water and tar on water-gas plants are 
enunciated by W. W. Odell, together with methods of brcviking 
the (miulsion when formed. A centrifugal machine by Messrs. 
Broadbents has j^ielded satisfactory results with horizontal and 
vertical tars, reducing the water content to2J% withaoOO-galloii per 
^ hour feed and a consumption of 0 h.p., but the machine has yet to 
be proved in operation with water-gas tars. 

Alumhiium oleate-’^ has been used successfully wliere corrosion 
of a still was caused by a tarry emulsion of an acid character. 

Tar V rod acts. 

Less than of the main roads of this countiy present the con- 
ditions itecessary for rendering fish poisoning due to diainage from 
tarred roads a pertinent question, and hence the Ministry of 
Transport, in framing new specifications for road tar, has not found 

c 

0 *^ F. China, and Burt, Boulton, and tf ay wood, K.l*. 188,575 ; J., 
192J, 48 a. 

6^5 World, 1923, 79, 118 ; J„ 1923, 920a. 

^ W. h. Walrasloy, J., 1922, 29 Gt. E.P. 127,700; 1919, 529a. 

E.P. 201,200 ; J „ 1923, 915a. 

O. Milton, and Wilton Chom. Eng. Co., Ltd., E.P. 200,933; J., 
1923, 920a. 

E. Schnell, Z. angew. Cliem., 1923, 36, 254 ; J., 1923, 596a ; H. 
Tropsch, ibid., 36, 277 ; J., 1923, 646a. c 

U.S. Bureau of Mines Tech. Paper 304 ; J., 1922, 363a ; cj. also 
H. A. GUI, E.P. 195,876. 

59/A Annual Rept. H.M. Alkali Inspectors ; Chem. and Ind., 1923, 
1025. I 
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it necessary unduly to lower the maximum permissible phenol 
content iror to institute tests for bases. The importance of con- 
sigtency is recognised ,%nd tlie desirable limits of this* physical pro- 
perty f(w the surface treating an»l macadam qualities is defined in 
terms of the Hutchinson instrument, and the limiting content aM 
metliod of determination r)f naphthalem^ are placed on a quanS 
tative basis.^’i'^ ^ useful paper by D. C. Broome discusses the 
quantitative (.‘fleet on consistency of temperature and of var 5 nng 
additions of bitumen and mineral fillei-.^’^ The surface dressing of 
macadam and, concrete surfaces with emulsions of antliracene oil, 
lar, or biliimen and water is stated to have given good results, and 
(^le method of prepajing the emulsion is giv(‘n by J. A. Vielle.^’^^ 

The determination of the viscosity of tar l)y means of the 
^tormer instrument is described by W. G. Huff, and an equation 
for viscosity- temperature curves is given.^’^ It was not found 
])ossihl(i to corr(‘latc the viscosity of tars with their chemical 
(‘liai’acteristics ; this was only to be anticipated in view of tho 
nufhber of constituents of different chemical classifications found 
in tai’s prepared under the numerous modeiii variations of car- 
bonising methods. Literature frequently quotes the isolation of a 
' compound from tar without defining the origin and n3,tufe of the 
I’aw material, and one therefore welcomes the publication of the 
jiaper by J. M. Weiss and C. R. Downs, in \fhich the isolation, 
and, in many instances, quantitative determination of a considerable 
number of constituents ot a coke-oven tar are given. R. L. Brown* 
and R. D. Howard*-^^® have identified and determined the percentage 
of indenc and styr(>ne in two samples of water-gas tar. 

An ingenious cooler tray for pitch is« described by C. Still.®^ 
The desirable properties of pitches for a number of industrial 
purposes have also been given 

Careful work on the vapour pressures and latent heats of naph- 
thalene, anthracene, phenanthrene, and carbazole has been pub- 
lished by C. F. Senseman and 0. A. Nelson,^’® who show inci- 
dentally that the boiling point of carlSazole is 354*76° C. and not 
351*5°, as quoted in the literature. The preparation of a«sample 
of pure naphthalene exhibiting the property of double relractivity 
is the subject of a note by W. Kirby^so ; the specific gravity at 

Ministrij of Transport General Directions and Speciricaiioi\p Relating 
to Tar Treatment of Roads.''' 

“72 y., 1923, 192 t. 

273 E.P. 196,950 ; J., 1923, 643a. 

274 Ind. Eng. Chem., 1923, 15, 1026 ; J., 1923, 1 1 67a. 

^^Ibid., 1923, 15, 1022 ; J., 1923, 1167a. 

27« Ibid. 1923, 15, 1147 ; Abs., 1924, B, 48. 

277 E.P. 200,460 ; J., 1923, 82Ia. 

278 B. Lampe, J., 1923, 569a, 1193a. 

. 270 Chem., 1923, 15, 382, 621 ; J., 1923, 543a, 706a. 

f 1923, 58 t. 
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15"/15‘^ was 1*185, and Ihc cryBiallising and kieiting points 80*2° 
and 80*7° (/., respectively. The known method of removing carb- 
azolo from crude anthracene by means of hs alliali salt is varied 
by H. D. Gibbs, who heats the press cake with alkali to convert 
the carbazole into an alkali salt, and then further heats to sublime 
the anthracene fractionally. Bata relating to the solubility of 
phenanthrene in various organic solvents have been contributed by 
H: Henstock.2s2 

Although the property of vertical-retort tar oils and phenols 
of giving pink or purple coloured emulsions or solutions has been 
investigated in a numb(‘r of works' laboratories, very little infor- 
mation has been communicated to the scientific journals. G. 
Currey,^^^ led to investigate the matter by colour formation in the 
spent liquor from an ammonium sulphate plant, has examined thp 
•fihenols of a vortical-retort tar and has isolated or obtained definite 
indication of the presence of the ])olyhydric phenols, catechol, 
resorcinol, and ])yrogallol, mainly the first-named, in addition to 
the monohydric ])henols derived from aromatic and hydroaromiitic 
hydrocarbons. 'A ipethyl ether (possibly guaiacol) was isolated 
from the mixed jihenols from the ammoniacal liquor. Disin- 
fectants qiroducing white emulsions are obtained by fractionation 
'of the distillates, rejecting all oils boiling above 230"" C. 

Details have betn given by H. T. Clarke and E. R. Taylor 
for the preparation of the tliiee xylenes in a pure condition from 
‘commercial xylene, chemical methods being necessary in addition 
to close fractional distillation. The conditions of operation of 
rectifying columns have received theoretical treatment in a number 
of papers published in the Ame^rican Journals.^®^ F. H. Rhodes^®® 
recommends the single condenser as jireferable to the partial con- 
denser method, it giving greater ease of (sontrol, and constancy of 
the reflux distillate ratio under varying conditions. The single 
condenser method w^orks wtII ^vhen applied to^the distillation of 
high-boilhig liquids. ^ 

The toxicity of benzene and its homologues has been the subject 
of recent papers, and attention is drawn to the ease of preventing 
poisoning by efficient ventilation, a limit of I part of benzene 
vapeur in 100,000 of air being regarded as an advisable maximum.^®'^ 

swU.^.P. 1,«;56,848 ; J„ 1923. 707a. 

' 282 chem. Soc., Tram. 1922, 121 , 2124 ; J., 1922, 975a. 

28a J., 1923, 379 t. 

28* J. Amer. Chem. Soc., 1923, 45 , 830 ; J., 1923, 394a. 

/85 B. F. Dodge, J. Ind. Eng. Chem., 1922, 14 , 1062 ; W. H. Rodebush, 
ibid., 1922, 14 , 1030; W. A. Peters, jun., ibid., 1923, 15 , 402 ; C. C. van 
Nuys, Chem. and Met. Eng., 1923, 28 , 207, 255. 

288 Chem. and Met. Eng., 1923, 28 , 590 ; J , 1923, 479a. 

28’ E. B. Starr, J, Ind. Hyg., 1922, 4 , 203 ; F. P. Underhill and B. R. 
Harris, ibid., 1923, 4 , 491 ; 1923, .596a. ^ 



OA^— -DKSTIITJCTIVE DTSTHLLATION — TAR PRODTTrrs. 


07 


The addition of boric acid to the sulphuric acid used for washing 
crude bejt^ol is stated to result in a reduction of about 25% in the 
r ominous matter formed, and an average increase of 2% in the 
yield of bonzol-*^^; the same reagent has been employed to*reinove 
unsaturated h^^droctirbons, operating in an autoclave at 250° C.*®® 
R. Kattwinkel has examined a sample of acid resin from a benzol 
])laTit, and (j notes the results of its ultimate analysis. He concludes 
that the aromatic sulphur compounds are in the form of sulpho- 
ncid esteis, nhicli are neutral and saturated. 

Analysts. 

Arylsulplioniodo-amides of alkali metals,^®^ Ar-SOg'NIM, are 
l^comraended as a convenient source of hypoiodous acid in the 
determination f)f ])henol or salicylic acid, chloramine T being a 
corresponding suitable chloro-rcagent. Analytical methods for 
determining })h('nol, more particularly in the control of the manu- 
facture of phenol-formaldehye condensation products, are dis- 
^ussc'rl by W. R. Ormandy and K. C. Cra\^n.^‘*^^ J. B. HilP®® 
examines the sources of discrc'pancy in the determination of 
phenols in coal tar oils by extraction with sodiunf h^rdroxide 
solution. A contribution by R. Sieber‘^®^ is worthy of study hf 
those res])onsibl('- for the control of the causlicising process on 
caTbolic acid plants. 

J. M. ']\aylor^®^ discusses critically the determination of sulphur* 
and some of its compounds, his recommendations being based on 
a wide cxj)eri(mce gained at the United Alkali Co.’s central labo- 
ratory. An improvement in Metzger’s method 2 ®® for the deter- 
mination of naphthalene in tar oils has been developed.®®^ * 

Determination of refractive index is suggested as a convenient 
method for the examination of liquid fuels by H. Eckart,*®® who 
gives the physicai constants concerned — a test obviously not 
intended to be applied to complicated mixtures. • 

The results of the labours of the Standardisation Committees of 
the Institute of Petroleum Technologists have been publi§hed,®®® 

* • 

2S8K. Kattwinkel, Brennstoff-Chem., 1922, 3, 357 ; J., 1923, 48a. 

A. Jaogor, ibid., 1923, 4, 260 ; J., 1023, 067a. 

R. Kattwinkel, ibid., 1023, 4, 5.5 ; J., 1023, 261a. , 

Roberts, Ckem. Soc. Trans., 1923, 123, 2707 ; J.,*1923, 1215a. 

J., 1923, 18t. 

Eng. Chem., 1923, 15, 799 ; J., 1923, 1014a. 

Papierfabr., 1923, 21, 89. 

J., 192.3, 294t. 

1«21, 502a, 800a. 

2*’ Offe, (7(W. M. Wa^serfach, 1922, 66, 773 ; J., 1923, 138a. 

Brennstoff-Chem., 1923, 4. 24 ; J., 1923, 134a ; cf. also H. Wolfi and 
a •Dorn, Farhen-Zeit., 1922, 28, 330 ; J., 1923, 62a. 

• A, E. Dnnstan, J. Inst. Petrol Tech., 1922, 8, 078 ; J., 1923, 172a. ' 

, ^ E2 
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and ill tlic aiisencc of standard methods for taV distillates valuable 
guidance may bo obtained in the cases in which the tests are 
applicable. , * * 

Tlie tfsc of alumina an an absorbent for ivater in organic analysis 
is recommended by H. L. Fisher, H. L. Faust, and Cl. H. Walden. 

CIalojumeters and other Instruments used tn Gas Works. 

(By James W. Wood, M.Sc., A.I.C., Research Chemist, Fuel 
Department, the Gniversity, I^eeds, and Institution of 
Gas Fngineeis.) ^ 

The Boys roeording gas calorimeter was »notf‘d in last y(‘a.r*s 
Report, and detailed s])ecilications are now available.^^^ t'urther 
improvements were described by Professor G. V. Boys in a lectuif5 
at the Royal Institution in Aj)ril last.^^^^ So far, how(;ver, no 
specimens of the com])let(‘ instrument are available for distribution. 
The Fairweather recoi ding gas calorimeter has been subjected 1/) a 
])ractical examination ])y a (joinmiUee of the Institution of Gas 
Engineers. Tlie Conditions necessary for the accurate measure- 
ment and Qontrol of gas by the use of the escapeuKmt meter are ^ 
clearly mdieated. I'lie value of an instrument relying ujjon jet 
control for the regulation of water su])pl 3 ^ may ])e estimated from 
the Report. It is concluded that, when jiropc'rly instalhal, and wdtli 
occasional skilled attention, the recorder is capable of working con- 
tinuously with an ae(mracy of ± ()’5% under favourable conditions 
as to temperature and quality of waiter supply. J. W. Wood*'^®'* 
gives a critical survey of existing recording calorimeters such as 
would, facilitate selecdioTi and operation in particular oases. A 
“ therm meter ” is described‘s”® in which the dials indi(;ato therms, 
adjustment for any predetermined calorific value being madR by 
alteration of the wTiter level in the meter by regulation of overflow^ 
level, J. G. Stewart describes the ‘‘ Sigma ” calorific value 
recorder. The same instrument can be adapted as a COg-recorder 
for flue gases if the governors on the gas supply are operated by 
differences in density between flue-gas and air. 

Tlje Beasley recorder ””” has been fitted with a device for correcting 
its readings for variations in atmospheric temperature and pressure. 

soo Ind. Che^n. Eng., 1922, 14, 1138 ; J., 1923, 164 a . 

* Bepts., 1922 , 7 , 04 . 

Qaff J., 1923 , 162, 104 , 168 , 225 . E.P. 195,180 ; 1923 , 528 a . 

1923 , 162, 271 . 

^^■^IbuL, 1923 , 161, 402 , 524 , 092 , 093 , 760 ; 162, 30 , 10 ( 5 ; 163, 30 , 
102 , 222 , 598 , 677 , 744 ; J., 1923 , 756 a . ^ 
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A suitably devised brake varies the rate of oscillation of the 
pendulum controlling the meter. 

•W. C. Peebles has placed on the market a simple calorific value 
indicator operating by the flexure of a compound metal bar, 
when heated by a specially cojitrolled Bunsen burner. 

Important modifications in the methods officially adopted for the 
determination of the calorific value of gas will be found in the 
lat(‘st “ Notification ” of the (his Referees.'^^^ 

A l vj)e of bond) calorimeter has been devised by K. Brown hi 
i\'hicli the ('k‘«trodes are arranged so as to suffer the minimum 
amount of damage diusiig eom))ustion, and the method of closing 
Mic bomb is novel.. Diffusion through a porous tliaphragm and 
measurement of tlie coiisecpient ])ressure difference; on its tw'O 
•ides has been a pplk'd to gas ana lysis— -mainly tluc-gases — in the 
W.R. C()o-recor(l(‘r.='i“ 

K.ff. ; J., 192:^, IJOSa. 

• “ CIoik’imI Notilication ot CJa-s Jtolcn o.', .June, 1929." J-j.i\i. Maiionery 

yilic(\ 

K.r. 194,.-)54 ; J., 1929, 475a. 

1929, 161, 930. 
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' I n 

and ill tlic aiisencc of standard methods for taV distillates valuable 
guidance may bo obtained in the cases in which the tests are 
applicable. , * 

Tlie tfsc of alumina an an absorbent for ivater in organic analysis 
is recommended by H. L. Fisher, H. L. Faust, and Cl. H. Walden. 

CIalojumeters and other Instruments used tn Gas Works. 

(By James W. Wood, M.Sc., A.I.C., Research Chemist, Fuel 

Department, the Gniversity, I^eeds, and Institution of 
Gas Fngineeis.) ^ 

The Boys roeording gas calorimeter was »notf‘d in last y(‘a,r*s 
Report, and detailed s])ecilications are now available.^^^ t'urther 
improvements were described by Professor G. V. Boys in a lectuif5 
at the Royal Institution in Aj)ril last.^^^^ So far, how(;ver, nc; 
specimens of the com])let(‘ instrument are available for distribution, 
The Fairweather recoi ding gas calorimeter has been subjected 1/) a 
])ractical examination ])y a (joinmiUee of the Institution of Ga? 
Engineers. Tlie Conditions necessary for the accurate measure- 
ment and Qontrol of gas by the use of the escapeuKmt meter arc 
clearly mdieatecl. I'lie value of an instrument relying ujjon jet 
control for the regulation of water su])pl 3 ^ may ])e estimated from 
the Report. It is concluded that, when jiropc'rly instalhal, and wdtli 
occasional skilled attention, the recorder is capable of working con- 
tinuously with an acsmracy of ± ()’5% under favourable conditions 
as to temperature and quality of waiter supply. J. W. Wood**^®*- 
gives a critical survey of existing recording calorimeters such a? 
would, facilitate selecdioTi and operation in particular oases. A 
“ therm meter ” is described‘s”® in which the dials indi(;ato therms, 
adjustment for any predetermined calorific value being madR by 
alteration of the wTiter level in the meter by regulation of overflow^ 
level, J. G. Stewart describes the ‘‘ Sigma ” calorific value 
recorder. The same instrument can be adapted as a COg-recorder 
for flue gases if the governors on the gas supply are operated by 
differences in density between flue-gas and air. 

Tlje Beasley recorder ””” has been fitted with a device for correcting 
its readings for variations in atmospheric temperature and pressure. 

soo Ind. Che^n. Eng., 1922, 14, 1138 ; J., 1923, 164a. 

Ann . Beph .. 1922, 7, 64. 

Qafi J ., 1923, 162, 104, 168, 225. E.P. 195,180 ; 1923, 528a. 

Ibid., 1923, 162, 271. 

^^■^Ibid., 1923, 161, 462, 524, 092, 693, 766; 162, 30, 10(5; 163, 30, 
102, 222, 598, 677, 744 ; J., 1923, 756a. 
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within the British Iimpire. It is understood that the State boring 
at Roma, Queensland, is to be finally abandoned, after influx of 
water at high pressure on the gas-bearing stratum caused shutting 
(jfr. In New Zealand, the boring at New Plymouth has nol^realised 
expectations, and operations have been stopped owing to the 
failure of well casing. The New Plymouth borings had yielded the 
best flow of oil in New Zealand. 

No oil has yet been discovered in South Africa, despite continued 
search and survey, though recent advices indicate the possibility of 

its existence in Rhodesia.^ 

# 

On the other hand ^he refining of crude petroleum is rapidly 
becoming an iinpoitynt industry in the Ibiited Kingdom. During 
the first six months of P)23 over I4(> million gallons of crude oil 
^7is imported, this being an increase of more than 52 million gallons 
over the corresponding ])eriod for the previous year. It is worthy 
of note also in emphasising the imjioi-tanco of this modem develop- 
nu'iit that during the same period petroleum products of British 
manufacture were exported to the value of £1,192,064, this repre- 
.^enting an increase in bulk over that of the first six months of 1922 
of over 28 million gallons. 

Other Mur()])ea.n countries are also taking great interoSt in thQ 
(kx olopnumt of their oil resources, but whether such development 
is likely to bo impeded by the American over-production remains 
to bo seen. Jugo-81avia has extensive evidence of deposits in old 
Serbia, and both Bosnia and Montenegro arc regarded as potential*" 
oil areas In Spain the exploitation of the Santander and Alava 
ju’ovinces is looked on hopefully,** and in Germany the extraction 
of oil from the Wietze sands, near Hano'v^er, is being carried on by 
actual mining, the oil btung washed out after the sand has been 
broifglit to the surface,'* In this connexion, also, the report of 
D. V. Golubianikoff** on the amount of undeveloped oil land in the 
Baku district indicates the importance attached to the exploitation 
of their petroleum resources by tho^Soviet Govomment. It is 
estimated that land from which about 1704 million poods (over 
28 million tons) per annum could be produced, remains to be 
tleveloped. * ^ 

Concernhig extra-European enterprises a significant commefit is 
made ® to the effect that in view of the over-production in the 
United States and the continued large production in Mexico, • 
developments by South American oil companies have received a 

^ Fitiancial News, Dec. 5, 1923. 

-Oil W^^ekly, July 14, 1923, 

^ V,S. Commerce liepoHs, July 10, 1923. 

Inst. Petr. Tech., 1923, 9 , XV. 

, 185. 

, ® WuU street J., July 18, 1923. 
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set-back of several years and that exponditurb oJP money for such 
developments is not warranted at i^rosent. 

♦ CKunE Oil. 

In discussing a paper by W. A. Guthrie’ on heavy-grade Egyptian 
crude petroleum, A. E. Dunstan® pleads for the storage for posterity 
of large samples of the oils from the chief producing fields, since it 
appears certain that before very long many of these crude oils will 
not be available for detailed examinatio]i. The suggestion seems 
very cogent, since future technique may bring to light important 
knowledge on the composition of the heavier fractions of mineral 
oil, which at present appears unattama})le. . • 

The Origin oi^ Petroleum. * 

Little original work has been publislied on this engrossing subject 
(ipring the past year, but the researches of E. Pyhalii'^ deserve 
attention as providing data which are claimed to uphold the thecfry 
of the inorganic Origin of j>etroloum. One of the objections to this 
theory, which has had few adherents of recent years, is the alleged 
fact that^no<'liigh-viscosity hydrocarboas of the lubricating oil type 
have been shown to origmate from the products of the action of 
water on metallic civibides. Working with the unsaturated residues 
from the separation of light aromatic compounds obtained by 
^sracking Baku petroleum, Pyhalii has sho\vn the polymerisation of 
the most mobile fractions to oils of high molecular weight, corre- 
sponding to spindle, machine, and cylinder oils. This observation 
is of interest, but its iimportance would be greater had the un- 
saturated compounds been obtained in the first place from 
inorganic sources. K. H. Brownlee^® has already shown ^the 
formation of lubricating oils by the condensation of light unsaturated 
compounds. i 

Pyhalii *a]so claims that the slight optical activity of petroleum, 
which is regarded as proof of ils organic origin, may best be explained 
by the presence of minute traces of accessory substances of vegetable 
origin, c 

Tho inorganic theory of the origin of petroleum receives support 
from W. Ramsay who comments on the remarkable, almost 
universal, •occuM’ence of nickel as a constituent of petroleum ash, 
knd draws the conclusion that the catalytic reduction of carbon 
monoxide or carbon dioxide in the presence of nickel, after the 
method of Sabatier and Senderens, possibly accounts for most of 

’ J. Imt Petr. Tech., 1923, 9, 212 ; J., 1923, 964a. 

» Ibid., 234. 

» Petroleum, 1923, 19, 495, 535 ; J., 1923, 699a. 

i“U.S.P. 1,309,432; J., 1919, 621a. 

“ J., 1923, 287t. 
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the petroleum dep(isits. The presence of other utttaij'etB, such as 
copper and vanadium, is also noted. The possibility of the 
“poisoning” of the kjatalysts by sulphur or carbon monoxide is 
discussed, but it is considered that the catalyst might* become 
re-activated or the conditions under which the formation of petro- 
leum takes place be such that poisoning doe^ not occur. The 
fact that the more unsaturated petroleums contain least nickel is 
considered further to support the theory. 

A valuable paper by E. H. C. Craig summarises the most 
important of recent investigations bearing on the origin of petroleum. 

Analytical. 

^ The most important foatm*e of the year in this section has been 
the completion of the first, and major, report of the Committee 
appointed by the Institution of Petroleum Technologists in 1921 
for the purpose of standardising the analytical tests used in the 
mifieral oil industry,^''^ and of which a critical resume has already 
Veen published by A. E. Dunstan.^'^ The Coinmitteo has aimed at 
delivering authoritative decisions on the many points concerning 
which petroleum technologists have hitherto worked under serious 
ditficultics, owing to the previously existing divergencies in methods; 
and interpretation of results. As far as possible the methods 
recommended have been chosen to accord with those of the American 
Society for Testing Materials and the American Bureau of Standards, < 
but in a number of cases, methods generally accepted in British 
practice have been retained despite the desire to secure world- ivide 
uniformity. Thus, for example, the Abel closed flash test and the 
Redwood viscosity test arc so firmly established that to adopt 
other standards in their place could only be justified had they serious 
technical shortcomings, which is certainly not the case. 

Besides the staifdardisation of methods the I.P.T. Committee 
has concerned itself with the standardisation of apparatus. ^ Indeed, 
several of their most important recommendations deal with the 
unexpectedly grave variations which their investigations have 
revealed in what have been generally regarded as standai^ instru- 
ments. Thus, the dimensions and permissible degrees of toleiffenco 
for the apparatus used in the Engler distillation test have been laid 
down with extreme exactitude, and similar data are" given for the , 
first time for the determination of water and sediment by means of 
the centrifuge. In order to give effect to their recommendations 
and to secure certification of instruments the Committee has taken 
the important step of arranging with the National Physical 

J. h\8t. Pelr. Tech., 1923, 9 , 344. 

• Ibid., 1923, 9 (advance proof). 

1922, 8 , 678 ; J., 1923, 172a. 
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Laboratory for the calibration, testing, and marking of instruments 
complying with the adopted standards. 

It is manifestly impossible to discuss thist important and useful 
report in any detail, since it covers nearly aU the principal mineral 
oil tests, leaving only minor tests for future consideration, but it is 
of interest to note that the lamp method for the determination of 
sulphur has been made standard and that an exact method for 
determining the sludging values of transformer and switch oils has 
boon laid down. The work reflects great credit on the Institution 
of Petroleum Technologists. 

A serious difficulty with regard to standard tests has been pointed 
out by P. E. Klopsteg and W. H. Stanikrd.^^ Por measuring 
viscosities on the Saybolt instrument the A.S.T.JNt. specify a degree 
of constancy in the temperature of the bath of 0-25^ P., and the 
authors assert that it is cpiite impossible to comply with this 
requirement while stirring by hand and with the usual typo of 
thermo-regulator. They have conscipiently devised an electrical 
heating regulator which, in combination ^rith a special stirring 
arrangement, meets the requirements of the- test. t 

Regarding the inleresting problem of the separation of the 
components of petroleum, more work has been done by P. P. Gordon.^® 
His preliminary communication contains a critical examination of 
the industrial methods of separation of products from Burmah crude 
oil, giving comprehensive details, in chart form, of the process used 
;jvith ordmary works plant, and directs attention to the in* 
efficiency of certain refining methods. 

The physical condition of crude oil is discussed and experimental 
work on fractional precipitation, emulsification, and surface tension 
has been started and preliminary results are recorded in detail. 

Some components of crude oil exist in the colloidal condition, 
but ordinary methods for coagulating colloids do not effect separa- 
tion. Solid paraffin wax can be separated f^oin crude oil by 
precipitation, so that the existence of so-called jjroto-paraffin is not 
essential to account for the behaviour of solid paraffins in undistilled 
oil. Crude petroleum may be fractionally precipitated from a 
suitable* solvent a*nd fractions thus obtained from Hardstoft crude 
do not show the same gradation in viscosity as distillates. Higher 
fractions from petroleum behave as cmulsoids and do not contain 
a higher percentage of unsaturated compounds than lower fractions. 
* A higher hydrocarbon in solution in a lower one lowers the surface 
tension of the latter, and the surface tension of fractions from crude 
oil decreases as the specific gravity rises. The surface tension of a 
light iraction is lowered by the addition of a higher fraction, but a 
mixture of light and heavy fractions may have a lower surface 

^^Ind. Eny. Chem., 1023, 15, 702 ; J., 1923, 86Ga. 

1923, 40Gt. 
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tension than either oi the components. The surface tension of pure 
hydrocarbons and the best conditions for separating components of 
a fixture of hydrocaf'oons at surfaces, are being determined. 

The necessity for preparing pure hydrocarbons led to the- investi- 
gation of known methods of pieparation, but the inefficiency of these 
caused the return to petroleum as the starting point, and fractions 
from Auglo-Persian crude oil v.^ere brominated by Herzfelder’s 
method, yielding colourless crystalline compounds, the separation of 
which in the pure state was comparatively simple. 

W. ft. Ormapdy andE. C. Craven^’ have continued their work on 
the effect of varying condilions on flash-point determination and 
i>ave ('ndeavoured lo^lind some physico-chemical significance of the 
lest. With this point in view tlicy have investigated the effect on 
ttasli-point temperatures of icducc^d and increased pressures, of 
altering tlu^ composition of the atmosphere, and ot temperature of 
the va])our-air mixtur(\s. Ceiiain empirical relationships are given, 
but it seems (iuestionabU‘ whether “ flash point can in any sense 
be regarded as a true ])hysieal constant and, therefore, capable of 
rtie interpretation the aulhcis seek. 

The ve.xed ([uestioii of the determination of iodine values of 
polroloum oils has been re-in\ cstigated by S. who 

emphasises the fact that whatever method is adopted the exact 
(conditions must be spc^cificd if results are to beoat all comparable. 

The woll-kiiown American “ doctor ” test for sulphur in motor 
fuels is again the subject of adverse criticism, and J. C. Chatfiold^®, 
[)oiiits out that elomontal sulphur, which may be very detrimental 
to motor s])irit, cannot be detected by the doctor test. Similar , 
conclusions are conic to by J. V. Meigs anckE. J. Ford.®® For nearly 
every reason the importaneo hitherto attached to this test seems 
vcry*undesirable. For tljc rapid determination of water in mineral 
oils L. Losana®^ lias devised a method which appears to give good 
results and is based on the measurement of the increase of pressure 
or of the volume of hydrogen evolved when the oil is agitated with 
calcium or sodium amalgam. 

L. C. Karrick and V. F. Parry®® overcome the difficulties of 
determining the melting points of greases and the like by spreading 
the grease on an olectiically heated rod with Constant temperature 
flifferences between the two ends, and observing the point at which 
adhesion eommoiices when a blast of air is moved at a fixed rate 
along the rod. The melting points determined by this novel 
nethod are stated to bo (juite sharp. 


” J. Inst. Petr. Tech., 1923, 9, 33 ; J., 1923, 173a 
Clmm, Ind. Japan, 1922, 26, 406. 

Nat. Petr. News, Nov. 15, 133. 

Refiner, 1923» 2, 6. 

^Oiorn. Chim. Ind. Applic., 1923, 4, 570 ; J., 1923, 172a. 
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i , 

Cracking. 

Probably tho most striking advance in petroleum technology 
during 1923 has been Ihc steady development of so-called liquitl- 
})haso processes for the production of light spirit by the thermal 
decomposition of heavy oils. 

Attention has been drawn to some of these processes in previous 
reports, but the facts that G. EglolT and J. C. Morrell estimate the 
1923 production of cracked gasoline in the United States of America 
as approximately 2800 millions of gallons, and that much the biggest 
proportion of this is produced l)y lic^uid-phase processes, indicate 
the industrial importance of the subjoc^l. ' , 

The processes of R. Cross C. Ellis (Standard Oil Company), 
J. C. Black, 26 S. J. M. Auld, A. E. Uunstan, and P. H. Herring,^? 
and others are directed towards tho substantial maintenance of the 
liquid stale during the thermal decom])osition of the heavy oils and 
the deposition of tho carbon nc^{a;ssarily formed during the process, 
in special settling chambers which are not strongly fired or from 
which heat loss is reduced to a minimum by heavy lagging. The' 
processes differ in the attainment of these conditions, and in the 
newer pr6co.is of Auld, Dunstan, and Herring, in which there are 
three distinct zones of heating, no decomposition takes 2 )laeo in 
the firing chamber.*' 

Besides these liejuid-phase processes, further development of the 
pressure distillation method of cracking has occurred through the 
application of the Hubbs patent 2® to the decomx)osition of heavy 
oils. This patent, which was obviously originally intended to deal 
with the dehydi’ation of emulsified oils, has been broadened in such 
a way as to admit of tho treatment of hydrocarbon oils under heat 
and autogenous pressure applied both to stills and condensers. ' It 
has thus become a serious competitor of the Burton pressure 
distillation process, and has the advantage over flie latter that the 
still is nof directly fired, bufi receives its heat from the incoming 
oil, which itself is heated in coils suitably disposed in a furnace. 

Extensive litigation was threatened in America between the 
controllers of the Cross and Ellis processes on the one hand and 
between the Pubbs and Burton processes on the other hand, but 
differences have* apparently been settled by agreement and all four 
fhethods are now in vogue, though the Burton process would now 
appear obsolescent. 

Chem. and Met Eng., l‘)23, 29, 53 ; J., 1923, 757a. 

2*U.S.P. 1,437,229 ; J., 1923, 87a. 

-“E.P. 174,089; J., 1923, 593a. 

“«U.S.P. 1,456,419; J., 1923, C43a. 

E.P. Appl. 4924, 1923. 

“8U.S.P. 1,123,602. 
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The liquid-phase^ cracking processes possess many advantagof? 
over the older vapour-phase processes. They can deal with much 
heavier cracking stoell, even to the extent of cracking fuel oil and 
h^iavy Mexican crude they produce much smaller proportions 
of uncondensabltj gas and carbon, and the light spirit is of very 
su})erior quality and easily refined. The refining consists generally 
of limited acid treatment, followed by a desulphurising process, 
and is completed by a steam distillation. 

Considerable publicity has been given to a cracking process 
devised by V. L. Emerson,^" who advances the novel claim that 
cracking is caused, or assisted, by the impact of the hydrocarbon 
molecules when the oil t o bo cracked is injected at iiigh pressure into 
an expansion chamber suitably heated. In practice opposed pairs 
of jets are used, the velocity of the vapours at the jets being approxi- 
mately 2900 feet per second. Much has beem written in support of 
this “ impact process,” but it remains to bo seen whether it will 
have any special utility, or whether there is any real basis for tlie 
underlying feature of molecular impact. 

, As usual, a large number of patents dealing with cracking have 
been granted during the year, of which it is difficult to determine 
the trend or which are apparently aimed at simulating 6r nx tending 
known processes by the introduction of novel features alleged to be 
improvements. Most of these have been directed to the develop- 
ment of pressure distillation processes, the older vapour-phase 
methods being at present somewhat in disrepute. • 

Apart from such claims, one or two now processes deserve notice 
by virtue of their unusual character, hk M. Hyatt,^’ for example, 
(jracks fuel oil, kerosene, or other hydrocarbons after treatment 
with chlorine, this gas being passed direct to the pressure still in 
the proportion of 1-10 lb. per 50 gallons of oil. The gasoline 
distulato only requires treatment with caustic soda. 

Plausons^ 2 }jj^y^^ embodied the use of zinc chloride, alone or mixed 
with quicklime, in a process for cracking shale or petrobum oils, 
and the results are stated to be paAicularly good. Anhydrous 
zinc chloride, like aluminium chloride, is known to be an ejccellent 
lefinmg agent for cracked spirit, but so far has' not been found 
capable of replacing the latter as a “ catalyst ” for craBi^ing 
purposes, 

No further developments have been recorded ©f the** Bergius ^ 
process for the direct hydrogenation of oil an 1 coal at high pressures, * 
but a useful review of the subject in its relationship to the pro- 
duction of motor spirit has been published by H. G. ShatwelP^and 


Cf. Egloff. Nat. Pet. News, 1923, 15, 12 
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should bo consulted by those interested. H. I. Waterman and 
N. J. Porquin*"^^ consider the Bergius method to be superior to crack- 
ing without hydrogen under prc.^suro. ^ 

T. Ulke^^Iias patented an adaptation of the Bergius process in 
which the carbonaceous material is hydrogenated by means of 
sodium formate, or the like, wdiich ])roduces hydrogen at high 
temperatures, and H. Nielson and B. Laing^^’ for the same purpose 
have devised improved catalytic methods for the manufacture of 
formic acid and its salts. 

M. Melamid®’ in a series of patents elaboiatcs a process for using 
tin and other alloys to assist the hydrogenation of hydrocarbons at 
high temperatures. Atmospheric pressures arc employed and, as 
a rule, temperatures of bOO*'- SCO*^ 0. At C. the use of extran- 
eous hydrogen is stated to be unn(‘cessary. The process is claimed 
to be very promising, but so far does not a])poai‘ to hav(r reached the 
darge-scale stage. 

So many extravagant claims have ])eon made on behalf of 
cracking processes based on the (?lioets of both high- and low'- 
frequency discharges on petroleinn hydrocai hoiiy, that an authori- 
tative pajieis on the subject by J. J. Jakosky,^” of the IJ.S. Bureau of 
Mines, read before the Petroleum Division of tb(‘ Amei ican Chemical 
Society, is sincerely to bo welconu'd. dakosky ’s work show^s clearly 
that claims as to no carbon formation, jjolymiM'isation of uucon- 
jdensablo gas, loss unsatiiration. etc., eannoi be confirmed and that 
any other special effects can be Kqirodiu'ed by using a higher 
temperature in the cracking zone. No hydiogenation (amid bo 
obtained and the commercial ap])lication of tluj corona discharge 
seems neither desii able nor feasible. 


DlSTlLLATTOK AND ReFINJNO. 

L 

Etnvlsions. 

Vr 

The treatment of oil-field emulsions has alwayvS been a difficult 
problem rand one which, despite the successful application of 
centrifugal methods, has not been entirely solved. Electrical 
dehydrators of various types continue to be evolved. H. C. Eddy,®® 
using plate eleetrodes, varies the field automatically as required by 
* means of an electromagnetic device operating on the upper electrode 
whenever the current exceeds a predoterminod value. E. W. 

'^*Proc. K. Akod. Wdmscfh., 1923, 26, 226 ; J., 1923, 757a. 

«BU.S.P. 1,445,423; J., 1923, 302a. , 

■ 30E.P. 198,385 ; J., 1923, 760a. 

»’ E.P. 171,367, 171,390, 174,321, 180,625, 193.022 ; 1923, 259a, 393a. 

J. Inst. Pet. Tech., 1923, 9, 266a. 

■ 3»U.S.P. 1,442,608; J., 1923, 259a. , 
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Harris cnii>loy8 rotating electrodes and also an annular arrange- 
ment intended to maintain a field of unifrom thickness. In 
another modification^^ of his process, plate electrodes are used and 
the upper electrode is insulated. 

Refinery emulsions may come under the same general treatment 
as crude oil emulsions, but for various reasons gravity or centrifugal 
separation of the water is more desirable. H. V. Dodd*^ points out 
tliat in petroleum emulsions asphalt is most frequently the emulsify- 
ing agent and that separation may be effected by attacking the 
emulsifying agent or by increasing the surface tension of the inter- 
face. By the addition of electrolytes having strongly adsorbed posi- 
tfv^e ions, emulsions may be broken by neutralising the negative 
charges carried by the dispersed water globules, providing that the 
electrolyte can bo conveyed through the oil envelope to the dispersed 
water. For the purpose, it is necessary to use a substance partially 
soluble in both phases, and Dodd has found acidified phenol tc 
be »very ofticacious. Phenol added to kerosene-acid-sludge acts 
even better. Very small quantities of acid only are necessary, so 
tliat injury to plant is unlikely. H. A. GilF*** recommends the 
addition to the emulsion of small quantities of a colloi(,l soluble in 
water, as for example glue, the addition of which in the proportion., 
of 0-1% is claimed to render the emulsion amenable to centrifugal 
treatment. For a similar purpose E. E. Ayres uses solutions of 
sodium resinate in liquids miscible with petroleum. 


Distillation. 

Apart from the design of vertical topping stills, several types of 
whicjji are now in continuous use, and of distillation assemblies for 
the purpose of producing special cuts, there have been few advances 
in plant design for petroleum distillation for many years. The bulk 
of the world's petroleum continues to be distilled from ordinary 
cylindrical stills. E. H. Leslie,^® in hlfe recently published book, 
ascribes this fact to the general utility of the cylindrical ftill in 
comparison with its only serious competitor, tlie pipe still. The 
latter is undoubtedly a more intelligently designed plant, but^the 
boiler type of still i» more flexible and can be built of smaller 
capacity without much loss of efficiency. Leslie regards the’modern 
pipe still in its elaborated and refined design as distinctly the plant 
for the large company. 

«U.S.P. 1,440,828 and 1,455,139 ; J., 192.3, 217a, 705a. 

"U.S.Pf 1,458,291 ; J., 1923, 818a. 

Chem. and Met. Eng., 1923, 28 , 249 ; J., 1923, 299a. 

«E.P. 195,876; J., 1923, 541a. 

*«*U.S.P. 1,454,616-7 ; J., 1923, 694a. 

“ Motor Fuels ” (Chemical Catalog Company, 1923). 
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A form of pipe still in which the oil is heated by hot gases passing 
in a counter-current direction has been devised and patented by 
the Stirling Boiler Company and W. W. Watt.'*® 

^ In di^scussing the operation of stills fitted with columns, F. H. 
Rhodes,^’ in an interesting paper, advocates the use of single con- 
densation as against “ partial condensation,” i.e., dephlegmation. 
This, of course, is a matter of considerable importance as being 
opposed to existing theory and practice, but Rhodes claims that 
simple columns can be more advantageously applied to the distil- 
lation of high-boiling liquids and that the operation requires a 
minimum of attention. This may bo true of intermittent distil- 
lation, but it scarcely scorns to accord vdtli known ])ractice fqr 
continuous stills. To make up for the loss oi heavy reflow to the 
column where dcphlegmators arc used, Rhodes recommends tl^ 
addition of further plates to the simple columns. 

Valuable information of assistance in refinery practice is given 
by J. C. Morrell and G. Egloff,^® who compared the results of 
distillation under atmospheric and reduced pressures of ? nuntber 
of American crude oils. With the exception of Mexican crude oi’, 
the percentage of unsaturated compounds produced is lower during 
the reducod pressure distillations. Although the same yield of 
’lubricating oil stock was obtained, the low-pressure distillation 
product had muchhigher viscosity than that obtained by distillation 
at atmospheric pressure and the yield of wax was increased. Less 
cracking takes place under reduced pressure than at atmospheric 
pressure, and this accounts for the marked difference in the products 
obtained. 

The Griscom- Russell has patented a fractionating column 

containing a large number of vertical tubes and with the upper or 
dephlegmating portion cooled by a medium, which takes a tortuous 
path directed by a helical baffle. 

c 

Refitting Agents, 

Experiments conducted by H. I. Waterman and D. W. Sissingh®® 
on the desulphurisation of asphaltic Mexican crude oil have shown 
that«»acid washing followed by soda treatment is quite efficient for 
the purpose. Sodium plumbite appears to have no advantage over 
caustic ^oda, "whilst the common practice of adding flowers of 
sulphur is actually harmful. P. von Ditmar desulphurises hydro- 
carbon oils successfully by digestion with the metallic soaps of the 

191,465; J., 1923, 216a. 

« Chem. emd Met Eng., 1923, 28, 290. 

1923, 188t. 

E.P. 174,569 ; J., 1923, 440a. 

Weekhlad,, 1922, 19, 489; J., 1923, 5a. 

"U.S.P. 1,448,643; J., 1923, 441a. l 
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higher fatty acids, if. H. Freeman^^ desulphurises oits m an atomised 
form, for oxamjdo, with ammonia, and A, C. Nestield®® removes 
sulphur compounds hf successive treatment with hydrochloric acid 
gas mixed with air, and caustic soda. 

For the purification of petroleum products, particularly for 
desulphurising and decolorising, many naturally occurring earths 
have been employed, and of late years the Death Valley clay of 
California has found much technical application. 

According t(^ H, L. Kaufmanii,^* halloysite, pyrophillite, and 
montmorillonite are all useful for the purpose, the last named 
having twice the enieie«cy of the other two. Death Valley clay is 
erf the first ty])t‘. The clays are dige.sted with weak acid and are 
merely air-dried, as the presence of water is advantageous since it 
j«omotes agitation by the disengagement of steam. The treatment 
is carried out at 120'"-175°C. C. Cramer has prepared earths, 
having excellent decolorising properties, by emulsifying aluminium 
hy^rosilicatcs with dilute hydrochloric acid at ordinary tempera- 
tures. M. A. Kakusin^® has investigated the limits of adsorptive 
jlower of floridin for decolorising petroleum oiis, and finds that the 
effect of time of contact is much more marked than the effect of 
(Quantity. A. K. Duns tan and F. G. P. Remfry ” find il advaii; 
lageous to use lloridm or fuller’s earth and bauxite or similar 
substances in succession in the treatment of kerosene for the 
I’omoval of colour and sulphur. This appears sound, for surfaces 
capable of adsorbing colour efficiently have not the same capacity* 
for removing otlier types of dissolved matter. 

K. Zerner, H. Weiss, and H. Opalski**® have determined the mutual 
solubilities of many hydrocarbons and liquid sulphur dioxide. 
They find that the solubility curves of all the substances used, 

toluene, w-tetradecane, w-pentatriacontane, deca- and tetra- 
hydronaphthalene,^ show well-defined maxima. In general, the 
j)araffins are the least soluble, the naphthenes more so^ and the 
aromatic and unsaturated compounds are easily soluble. The 
solubility decreases with increase of molecular weight. 

C. R. Ehlers claims that aromatic amines, e.g.^ aniline, V)luidine, 
etc., are suitable agents for purifying mineral oils by virtue of«^eir 
capacity for removing resinous, tarry, and bituminous substances 
when agitated with the oils in the proportion of 3(^-70%*. 

52E.P. 193,979 ; J., 1923, 487a. 

B.P. 196,680 ; J., 1923, 593a. 

^*Nat. Petr. News, 1923, 16, 81. 

®‘U.S.:^ 1,456,955 ; J., 1923, 043a. 

Petroleum, 1922, 18, 797. 

”E.P. 190,653 ; J., 1923, 174a. 

Z. angew. Chem., 1922, 36, 263 ; J., 1922, 581a. 

‘»E.P. 184,991 ; J., 1922, 802a. 
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Gum-Foeming Substances. 

A comprehonsive report on the gum-f<n‘ming constituents of 
gasoline- has been published by N. A. C. Smith and M. B. Cooke,** of 
the U.S. Bureau of Minos. They state that no direct connexion 
appears to exist between gum formation and the unsaturated 
hydrocarbon content. On the other liand they consider the 
formation of aldehydes ];y oxidation of certain unsaturalcd hydro- 
carbons to be a probable explanation of the presence of gumming 
substances in gasoline. As all tests applied for the detection of 
;phenols were negative, the possibility of the gums being phenol- 
aldehyde condensation products was dismissed, though the 
behaviour and analysis of the gum suggested this hypothesis. 
Smith and Cooke regard the well-known copper dish test for gum- 
ming as thoroughly unsatisfactory, and recommend the adoption bn 
its place of a simple standardisc.d process based on evaporation 
from glass dishes and drying the gum at an elevated temperature. 
The unsatisfactory nature of the copper dish test has also been 
pointed out by J. V. Meigs and E. J. Ford,*^ who suggest the use of 
a glass dish containing metal turnings wlien gum deposition and 
actual coriosion are to be distinguished. 

o Motoe Fuels. 

Two factors bear in a most important way on the search for new 
fuels for internal combustion engines. 'Fhe tirst is the natural 
tendency on the part of automobile engineers to increase efficiency 
by increasing the compression ratio, which leads to higher thermal 
efficiency, and the second is the deep-rooted feeling that despite 
periods of over-production the world’s supplies of petroleum will 
before long bo insufficient to meet the increasing demand. *These 
factors are closely inter-rolated, for no ])etrol will bear a com- 
prcssioij in the neighbourhood of only 4-5 : 1 without excessive 
detonation in the combustion chamber, an effect which H. R. 
Ricardo*^ has established as producing the metallic sound known 
as “ ^ipking,” and the heavier the petroleum product the lower 
is tiie maximum compression ratio which can be used. On the one 
hand, therefore, there is a search for new high-compression fuels 
which will open up fresh sources of supply, and on the other the 
search for materials capable of reducing detonation and the 
admixtuie of which in small quantities will allow of the use of 
petrol and also of kerosene in high-corapression engines. 

Under the first headhig comes the work on the utilisation of 
alcohol and mixtures containing alcohol and the related investi- 

V,S. Burmu of Mines Report No. 2394, J922. 

" Refiner, 1923, 2, 6. 

Eng., 1921, U, 61, 92, 130, 169. 
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gations into the value of aromatic compounds as anti-knocks.” 
Ricardo gave the following useful table of “ highest useful compres- 
sion ratios ” showing •the value of these materials : Petrol, 4-5 : 1 
to C-0 : 1 ; benzene (98%), 6-9 : 1 ; toluene and xylene,* 7*0 : 1 ; 
alcohol (98%), 7-0:1. 

vSince the publication of the last^Aimual Reports further develop- 
ments in the investigation of detonation have been made by 
T. Midgley.®^ According to Midgley “ pinking ” is due to a high- 
pressure high- velocity wave striking the cylinder walls. In any 
explosive wave a difference of pressure exists between the front 
and rear of the w'avc, g^nd above a certain critical pressure in the 
this pressure (Jh^cJi’ence becomes very great, the explosion 
becomes a dcitonating one, and knocking is caused. Midgley’s 
• anti-knocks,” such as diethyl selenide and tetra- ethyl lead,®^ act 
by reducing the velocity of combustion, and except that the 
materials are not unchanged at tlie end of the action, appear to act 
catalytically. The property of retarding knocking appears to be 
a function of the element rather than that of the groups attached 
to it, though the attached radicles have modifying effects. In 
distinction from the anti-knocks there are substances which induce 
knocking, the alkyl nitrates and nitrites being especiafly twjtive in 
this way. 

Attention has been paid by J. H. James and*F. C. Zeisenheim®® 
to the use as fuel of oxidised kerosenes and similar products. These 
oxidised fuels are believed to imdergo particularly good combustion,* 
and they show lower detonation tendencies than straight hydro- 
carbon fuel. On the other hand they gave heavy yields of gum, 
but this gum is mostly in the fraction bailing above 300® C. The 
experimenters claim that the oxidised fuels are eminently suitable 
for kerosene engines .and for blending with petrol. 

Development of the use of alcohol as a fuel, either alone or 
blended with other materials, is reviewed in other sectioi^ of these 
reports. 

As far as blends with petrol or other mmeral oil fractions come 
under discussion little progress has been made dui*ing the^^^ar, the 
chief point being the continued search for suitable agents to aid the 
miscibility of petrol and 95% alcohol. No striking discoveries 
have been made up to the present. W. R. Ormandy and E, C. 
Craven®® suggest a means for expressing the mixing value of* 
different substances in terms of the change of separation point, th« 
quantity of mixer added, and the volume of alcohol. 



84 llE^'OKTS OF THE rJlOGKESS OF ATPLIBD l-HEMI^rilY. 

A compreheiiaive paper read by H. Moore®^ deals with most of 
the difficulties encountered in burning heavy fuels in heavy- oil 
engines, and should be consulted by those ftiterested. 


Lubricants and Lubrication. 

i 

T. E. Stanton,®® in an interesting paper read before the Inter- 
national Air Congress, London, 1923, discusses the nature of 
lubrication in engineerhig practice. There are two essentially 
different kinds of lubiication, that kno^vn as the Reynolds type in 
which the film of lubricant is hundreds of molecules thick, and 
that termed by W. B. Hardy “ boundary ” 4ubrication, in whiefh 
lubrication is a function of the natures of the surfaces and the 
chemical constitution of the lubricant. The scientific ai^l 
economic import ance of the inv(‘stigation of boundary lubrication 
is obvious. For this purpose Stanton has used an apparatus in 
which the experimental bearing is contained in a housing suspended 
pendulum- wise in such a manner as to allow adjustment in a direction 
at right angles to ’che iilane of the swing. Pressures arc thus 
symmetrica) on either side of the plane of oscillation. The total 
arc of contact is 45° on either side, and to approximate t o the supply 
of lubricant to a w^orm gear special grooves are out in the 90° arc of 
the bearing and similar grooves at right angles to them on the 
^ suilace of the journal. The results of Stanton’s experiments show 
that with the pendulum apparatus the characteristics of lubricants 
can be investigated rapidly and conveniently. An important 
conclusion is that the lubrication of all details in which the relative 
motion is reciprocatory is of the boundary type, and efficiency in 
lubrication may therefore be looked for in the direction of altered 
chemical composition. All recent work tends to confirm this'view 
on the dependance of lubrication on physico-chemical considerations . 

A. E.,Dunstan and F. B. Thole®® arc of tlie opinion that the 
property of “ oiliness ” hw mineral oil lubricants is due to the 
reactive unsaturated constituents which act by entering into 
physicS-phemical union with the solid faces lubricated, forming new 
composite surfaces of lower surface energy and thus opposing less 
resistance to shear. This is fully in accord with Hardy’s views, 
and is confirmi^d by the great activity of free fatty acids in increasing 
‘ the lubricating value of mineral oils. 

In order to make the results of tests of “ oiliness ” carried out on 
friction- testing machines more intelligible and of general application, 
W, H. HerscheH® recommends the adoption of the method of 

«J., 1923, 134a. 

e»y. Inst. Pet. Tech., 1923, 9 , 260. 

Chem. and Met. Eng., 1923, 28> 299. 

1923 , 28 , 302 . 
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reporting tests in use at the Bureau of Standards, Washington. 
Replacing in Soinracrfold’s equation the film thickness of a 
concentric journal, by 2J, the difference in diameter between 
bearing and journal, Ilcrschol obtains what lie calls Somfherfeld’s 

criterion which thus takes into account the eccentricity 

p \2d/ 

of a journal in its bearing. Herschel recommends that the 
viscosity should be taken in poises, p in dynes per square centi- 
metre, and d and J in any convenient unit. When the clearance 
is miknown ^Ajd should be taken as 0-001, a not unusual value. 
TJsing this method uitli a friction-testing machine of the Cornell 
type, Herschel'^ comes to the conclusion that the material and 
^noothness of the bearing and journal have a greater influence 
than the nature of the lubricant and that journal friction-testing 
machines arc not convenient for testing oiliness owing to the change 

of clearance with wear. 

• 

M. D. Hersey^ describes experiments on the important subject 
of the viscosity of lubricants at high pressurts and temperatures. 
The apparatus employed was a rolling-ball viscometer modified for 
use at high pressures. At low temperatures the viscbsil^ curves 
for mineral oils ascend very steeply all the way, whereas with fixed 
oils there is a preliminary gradual slope. At C. both classes 
show a more gradual increase. 

In the manufacture of lubricating oils the use of high-speed* 
centrifugal separators for removing wax continues to find favour 
and is strongly advocated by L. C. Welch The Sharpies 
Company continue to improve their processes for this purpose. 
J. Marcusson and F. Bottger’® show that lubricating oils may be 
prepared from lignite tars by condensation with zinc chloride or by 
heating under pregsure, but the oils obtained rapidly fall off in 
viscosity with increase of temperature, and have high saponification 
and iodine values. • 

The necessity of maintaining a high standard for transformer oils 
is well known, and F. Schwarz and J. Marcusson’® recommend as a 
test for these oils a modification of Holders determination o£ the 
“ tar number,” which is the amount of material extractable by 
alcoholic caustic soda solution after subjecting the f)il to 'a period 
of 50 hours’ heating at 150° C. E. Casimir"’ supports the value of * 

'^^Chem. and Met. Eng., 1923, 28, 594; J., 1923, G39a. 

’V. Inst. Pet. Tech., 1923, 9, 218a. 

”/6R«1923, 9 , 95a. 

’«E.P. 191,750; J., 1923, 703a. 

Mitt. Maierialpriif., 1922, 40, 250 ; J., 1923, 300a. 

• Petroleum, 1922, 18 , 741. 

• ” Ibid., 1923, 19 , 763 ; J., 1923, 878a. 
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this test. G. Briihlmami’® discusses the adoption of a new “ solidi- 
fjdng point test for transformer oils. In this connexion it is to be 
noted that the British Electrical and Alliecl Industries Research 
Association’® in their report consider the existing Michie and 
B. T. H. evaporation tests and the Archbutt cold test satisfactory. 

G. L. Oliensis®® has investigated current '' demulsibility ” tests 
and considers the vacuum steam test and the more precise Conradson 
test as suitable for detecting the presence of substances which 
would be liable to promote breakdown of lubricating oils under 
practical conditions. 

R. E. Wilson and E. P. Wyldc®^ have in\^cstigated the behaviour 
of solutions of lubricating oils and volatile solvents and classified 
the oils chosen according to their tendency to absorb benzene, 
hexane, and cyclohexane. The results obtained have obvious 
important practical bearing. 


Wax. 

F. Francis, G. Mt Watkins, and R. W. Wallington®^ continub 
their studies of paraffin wax, and have separated from a particular 
wax of Sco'ttish origin seven fractions of melting point varying 
from 44 * 9 ° to 66*6 C. and molecular weight rising from 325 to 434 , 
which they consiher to be pure hydrocarbons. A. Grun and 
E. Ulbrich®^ have obtained increased yields of insoluble fatty acids 
'from 36 * 5 % to 61 * 7 % by passing very large volumes of air 
(1200 litres per hour) through molten paraffin wax. Apart from 
these investigations little has been done towards elucidating the 
composition of paraffin ’ wax or studying its possible chemical 
transformations. 

It is a well-known fact that the presence of colloidal solids,*^ and 
particularly of asphaltic substances, seriously hinders the separation 
of crystalline paraffin wax from heavy oil fractions. The presence 
of even 'small quantities qf protective colloids also impairs the 
efficiency of the sweating process for piu’ifying paraffin scale. For 
the purpose of overcoming these difficulties C. F. Kennedy®^ and 
T. C. Ifelbridge®® recommend washing with soap solution the 
wax- containing oil and the wax previous to sweating respectively. 
By these, means the wax is more easily separated and the crystals 
» obtained are larger and more uniform. 

Pet, oleum, 192.3, 19 , C9 ; J., 1923, 299a. 

J. InM. Elect, Eng., 1923, 61 , 661. 

Ind. Eng. C/iem.,'l923, 16, 690 ; J., 1923, 81Ca. 

« Ibid., 1923, 16 , 801 ; J., 1923, 1006a. 

“ Chem. Soc. Trane., 1922, 128 , 2804 ; J., 1923, 173a. 

angew. Cltem., 1923, 36 , 126; J., 1923, 299a. 
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H. Stinnes®® obtains stable wax-like substances troni crude 
luontan wax, which normally is dark coloured and brittle, by 
chlorination, either direct in dilute alkaline medium or by means of 
hydrochloric acid and potassium chlorate. 

Natural Gas. 

Each year continues to see considerable growth of the exploitation 
of natural gas, and it is particularly significant that more and more 
attention is being paid to the possibility of utilising natural-gas 
hydrocarbons for the production of new products. In the mean- 
t^e the most important developments are still connected with 
stripping gasoline from the gas, and according to I, R. C. Cantelo 
p^or gases containing as little as a quart of recoverable gasoline 
per 1000 cub. ft. are being successfully treated. Most of the 
gasoline recovery in the U.S.A. is now carried out on a large scale, 
and E. G. Sievers states that the majority of the small plants are 
beiTig consolidated, as it is hardly profitable to, produce less than 
M)00 gallons of gasoline per day in a single plant. 

Burrell’s method of stripping natural gas Avitfi the aid ofactivated 
charcoal continues to find favour. W. Friodmaim®® twid^Meister, 
Lucius, und Briining®® have devised a continuous plant for the 
purpose which avoids the need of removing the charcoal for revivi- 
fication. Most of the natural-gas gasoline, however, is still 
obtained by compression methods, though a combination of liquid^ 
absorption and compression is now coming into favour. Amongst • 
Ihe improvements in the liquid absorption process may be men- 
tioned that of E. A. Staiko,®2 who obtains intimate contact by 
passing both gas and oil into the suction side of a centrifugal pump, 
and ^hose of C. C, Reed®^ and E. S. Merriam,®^ who attempt to 
make the process continuous. 

Natural-gas gasejine tends rapidly to go off colour and become 
sour, and D. B. Bow,®® in a description of known methods pf purify- 
ing this gasoline, lays considerable v%ight on the value of the 
caustic soda solution of litharge known as “ doctor ” solution. 

In the Rivadavia field W. Friedmann®® has attempted io utilise 
waste natural gas in place of steam for distillation purposes, and has 

«*E.P. 109,073; J., 1923, 818a. 

Can, Chem. and Met, 1922, 6, 177, 196. 

Chem. and Met Eng., 1923,^8, 207. 
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had successful results in treating strongly emulsified oils by its aid. 
These oils, containing 30% of water, arc otherwise undistillable. 

Though it is true that more and more attention is being paid io 
the utilisation of oil-field gas, there is in many fields an inordinate 
production of gas, and this leads inevitably to an unnecessarily 
rapid exhaustion of the petroleum-bearing strata. To the loss of 
pressure in the wells due to this cause €J. Strijow®^ ascribes the 
diminished production or exhaustion of many of the Grozni strata, 
and the same thing applies in many other fields. It is obvious that 
steps will have to be taken to prevent the free escape of gas or to 
return it to the producing strata.®^ 

The U.S. Bureau of Mines has carried out large-scide experimentn 
on the use of highly volatile natural-gas gasoline as a refinery 
refrigerant for cooling wax distillates. L. 1^. Wyant®® gives a 
working description of the plant, which appears to ofier consider- 
able promise of providing a cheap and in many cases readily 
obtainable cooling medium in place of the usual ammonia or car- 
bon dioxide. The only disadvantage is the risk of fire, which, how- 
ever, should not be <great. « 

The use of highly volatile hydrocarbons for this purpose is not a 
novelty.* According to J. Bryson and Thompson^®® this method 
was in use in the Scottish refineries over fifty years ago and in 
1881-4 was commoh ]U‘actice in Seotland, spirit of sp. gr. 0*60 being 
successfully used. 

Vi 

Jfe'ium. ill Natural (ia^. 

According to J. C. McLciman^®^ the production of helium from 
natural gas in the F.S.A'. amounts to 30,000 to 40,000 cubic feet 
daily. Of the natural gases within the British Empire, those from 
Ontario and Alberta are richest in helium with about 0#3%, 
while the helium content of the Heathfield, Sussex, gas is 0-2®/;, and 
that from Bath springs 0*15®4. In Texas gase,^ arc know 7 i which 
contain 1-2% of helium. IJeliuni is particularly suited for filling 
air-ship envelopes, as it is non-inflammable and has a lifting pow^r 
only 8% lower than that of hydrogen. It can be mixed with 
hydrogeii to the extent of 15% without the mixture becoming 
explosive. 


^ Ollirr ConstiUients of Natural Gas. 

Although commercial processes for the production of products 
such as methyl alcohol and its derivatives from methane are still 

Ctrozni pet. Ind., 192:^, 5-8, 6; J.I.P.T., 1923, 9, 272a. 

Of. A. B. Thompson, “ Oil Field Waste,” J. Inst. Pet. Tv%h. 1923. 9 

314. 
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wauting, inucli work continues to be done on the subject. T. S- 
Wheeler and E. W. have proceeded with investigation on 

t,J»e oxidation of hydrocarbons, particularly with a view of obtaining 
formaldehyde from methane. They show that slow oxidation and 
a short time of heating are the chief factors in obtaining a good 
yield of formaldehyde. A. Schleede and C. Luckow have 
published a detailed study of the chlorination of methane, when the 
two gases are passed through electrically-heated quartz tubes. 
Eiroct chlorination to methyl chloride, without the formation of 
higher chlorides, may, indeed, be regarded as successfully accom- 
plished,^®^ and attenticii is now being turned to the replacement of 
rtie chlorine by hydrcxyl. R.H. McKee and S. P. Burke ^®®discuss 
the mechanism of the reactions involved in this hydrolysis, and have 
(iibtained results with calcium hydroxide which give promise of 
commercial possibilities. Working at 350° G. the best yield was 
07% of methyl alcohol. 

Damiens^®® has studied the absorption of ethylene by sulphuric 
a('id in presence of catalysts, the best catalysts being cuprous 
Salts. Under diffcrc'nt conditions alcohol, diethyl sulphate, and an 
oil having the properties of petroleum are formed. 


PiTCjf, Asphalt, Shale. 

AspJialt. 

Air-blown asphalts derived from residual oils have been manu- 
factured for many years, air and steam being blown into the 
residue at 270°-300°C. for ten to twenty hours. I). Holde and 
S. WeilU®’ have examined such pitches blown at high temperatures 
and ^nd their saponification values to increase with rise of melting 
point. The saponification values are much higher than those 
generally accepted*. 

Under the action of heat sulphur ha|i the same condensing effect 
on asphalt as oxygen. Until recently sulphurised asphalts have 
been completely displaced from the market by blown i^sphalts 
owing to the smaller cost of production of the latter, but H. Bumice^®® 
has reopened the treatment for Roumanian oils, the resulting 
bitumen being claimed to be of particularly good quality. In 
treating residues from typical Roumanian crude oils 7*4% of* 
sulphur is required. 

102 j., 1923, 81 t. 
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F. Hansgirg and B. Sander^®® give an interesting account of 
extensive deposits of bituminous marl in Ismid, Asia Minor. The 
strata are 260 metres thick and there is an Estimated quantity of 
workable marl of 360 million tons, of Avhich the bituminous content, 
with and without oil, varies from 5 to 20%. 


Shale. 

J. Takahashi^^® has examined the marine kerogen shales of Japan 
and considers the kerogen to be diiTorent from that of ordinary 
oil-shale. The shales themselves are regarded as dehydrated and 
partially debituminised sai)ropelic ooze. 

Little advance has been made in the treatirfeni of oil shales, an3 
all attempts to develop an extraction process for removing the 
oil-producing organic matter have proved unsuccessful. Even oA 
the expeiimental scale no true solvent has been found capable of 
extracting the kerogen, though R. H. McKee and R. T. Goodwin 
have found that after treatment with such substances as sulphuiyl 
chloride or selenium oxychloride, alcohol will extract as much 
50% of the volatife matter. This effect is probably due to 
chlorinatjon* 

Petroleum, 1923, 19, .579 ; J., 1923, 

”” Sci. Rep. Uni^. of Japan, 1922, 1 , 63. 

Ind. Eng. C7},rm.,'l923, 15. 3t3 ; J., 1923, 



OOLOURING MATTERS AND DYES. 

By James Baddiley, 

Brillsh Ih/eshiffs Corporation, Manclmtcr. 

Viewed from the financial and economic standpoint, the past year 
can best be described as <a lean one for the British dyestuff industry. 
This was more or less to be expected, of course, with all the con- 
ditions operating in ufi adverse direction, values declining, the 
textile trade in a stath of unprecedented slump, and export business 
almost entirely excluded on account of the advantages given to 
flie German producers by the exchange factor. It must be said, 
however, that there were distinct signs of improvt'ment. towards 
the close of 1923. f^^or one thing the recent efforts to stabilise 
th# mark are rapidly lessening the exchange handicap, and, 
Jhough the position is still confusing, the increase in dyestuff 
exports, as sjhown by the Board of Trade rotVirns (1 9,486 cwt. for 
December, 1923, as against 7366 cwt. for Decern ber,^ 1922) is a 
very encouraging sign. The outlook, therefore, has brightened 
in one direction, but on the whole the conditiejus prevailing have 
been a severe test for an infant industry, even with the assistance of 
such protection as is afforded by the Dyestuffs Act. This very^ 
])rotection, indeed, has its drawbacks for political reasons. No 
industry (;omes so much in the limelight as the dyestuff industry, 
no industry compares with it as “ good popj ” in the eyes of the 
Press. Public controversy, as though by magic, increases in 
acerbity the moment it switches over to the dyestuff question. 
The result of this state of affairs is that a political bias is given to 
any discussion of ijfie question which cannot fail to have a deplor- 
able effect. A certain section of opinion exists — ^though qot among 
the large dyestuff consumers, it should be said — which adopts a 
more and more prejudiced outlook on this difficult question, and 
the whole raison d’Hrc of the industry which we are sl(?My and 
painfully building up seems to be thrust into the backgr^iund. 
Even the more logical minds are affected to some extent by fcon- 
t.^en) plation of the possibilities of free trade in dyestuffs, could it be 
restored. However, the Dyestuffs Act is not the only obstacle to ‘ 
unrestricted traffic in dyestuffs, and the interruption of deliveries of 
German dyes resulting from various disturbances in Germany’s 
economic life which have occurred recently, Kas brought home oncb 
more the danger of being in a dependent position. 

One thing, however, has been noticeable during the past year^ 
namely, that the discontent of the dyestuff consumer has settfed 
ddWn on the one point of price. With regard to the quality of 
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British- made dyes, and their ever increasing range, there lia\^e 
been general expressions of satisfaction. IMr. Sutcliffe Smith, in 
his statement to the Aimual General Meeting of the Colour Users’ 
Association, on June 19, 1923, stated that there was no reason to 
doubt the claim of the British makers that they are producing 
80% of the colour used in this country. This impression has been 
generally confirmed by important dye users ; that is to say, the 
position now is just the reverse of the position before the war, when 
80% of the country’s dyes were imported from abroad. The fol- 
lowing estimate for the year 1923, ba,scd on the figures available 
up to the time of writing this report, bears out earlier impressions : — 

Dyestuffs supplied from reparation sources 1,800 tons. 

,, ,, „ licensed imports .. .. 1,. ‘500 tons. 

3,100 tons. 

Estimated total consumption of dyestuffs in the U.K. 13,000 tons. 

The whole point of \dcw of the consumers is very plainly staged 
in the Report of the Colour Users’ Association, previously referred 
to. The other poiiK of view on the price question — that of thh 
dyestuff manufacturers — has been very forcibly expounded by Sir 
William '^Alexander in his speech at the Annual Meeting of the 
British Dyestuffs Coq)oration (vsee Press of July 11, 1923). Those 
interested in this question should read carefully the two speeches 
referred to. 

The general opinion, therefore, is that progress — ^that is to 
say, technical progress — is bemg made. The British dyestuff 
industry still requires nursing, but is gradually achieviiig its first 
object, namely, to render this country substantially independent 
of foreign dyes. The next object, which is to put the industry in 
a flourishing condition, depends again on technical progress,* not, 
however, merely in the direction of doing what the Germans had 
done before, but in the direction of discovery afld invention, which 
will give ‘the industry profi1; eaming power altogether independent 
of protective legislation. There is some evidence in the literature 
review Syhich follows that a start is being made in this direction. 
In reviemng the published results of technical progress made 
during the past year one is struck, however, by the fact that the 
Germans are f^lmost back to their pre-war level as regards output 
*of inventions. There is evidently to be no slackening of effort 
on their part, and things are not going to be easy for their 
competitors. 

Dyestuff Intermediates and Related SuBSTAa^CES. 

Work published during the past year appears to have been 
mainly along lines established before the war. Azo dyes, vM 
dyes, and their special intermediat-es account for the bulk of Ihe 
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patents. Un aceoiftit of the vast increase in the "dyestuff -pro- 
ducing capacity of other countries, it was generally expected that 
when Gk^rman colour^hrms got into stride again after the war, 
efforts would be made to find fresh fields for development. Some 
of the lines of manufacture which w'ould naturally link up with 
(,'xperience in the production of dyestuff intermediates had already 
been adopted, hoAvever — photographic and pharmaceutical 
chemicals, for example. 

Theie are some signs of a new departui*e on the part of dyestuff 
firms in the rush of patents for methods of making synthetic resins. 
iMeister, Lucius, u. Briining has a scries of patents for improve- 
ments in connexion with the phenol-aldehyde type of resin, ^ in 
iil^any of which hydroxycarboxylic acids are used instead of the 
simple phenols. The same firm is working upon a new type of 
st)luble resins obtained by tlie condensation of amines such as 
a-naphthylamine, xylidine, etc., with formaldehyde or §,cetalde- 
hyde.- Akt.-Ges. f. iVnilinfabr. has also entered this field with a 
seiaes of patents for the production of resins from tetrahydro- 
ijaplithol condensed with formaldehyde or acetaldehyde.® It is 
interesting to see h\ this ])atent literature ht)W the mind of the 
dyestuff technologist applies itself to another industry. The 
general tendency in the synthetic resm industry seems, however, 
to be in tlic direction of using less expensive r|iw materials ; for 
(‘xami)le, in the usual formaldehyde-phenol reaction the formalde- 
hyde is replaced by thionyl chloride,® by sulphur,® or by chlorine.® 
Going further still in the direction of cheapness, resins have been 
prepared by the application of polymerising reagents to hydro- 
carbons, e.g.y naphthalene,’ or even by the polymerisation of 
acetaldehyde.® 

An interesting, though sinister, side-line of the dyestuff industry 
has been the manufacture of toxic material for warfare. Meister, 
Lucius, u. Briining is beating swords into ploughshares in a sig- 
nificant way (this process is always reversible) in a series of patents 
relating to thiodiglycol, S(CH2*CH2’OH)2. This product* was, of 
course, an intermediate stage in the manufacture of “ mustard 
gas as carried out in Germany. It now appears to find many 
applications, but it must first be made odourless.® Thiodigjycol 

'G.P. 364,041-4; G.P. Appls. F.50,G61, F.50,965, F.50.976, F.50,977 ; 
G.P. 370,606, 365,286, 374,379, 358,401, 357,767, 364,040, 3^17,758, 362,382 ; 
G.P. Appls. F.46,026, F.49,800. 

2 G.P. Appl. F.47,166 ; G.P. 305,026, 372,855, 359,076. 

® G.P. 356,223, 356,224, 358,400, 358,399. 

* Meister, Lucius, u. Briining, G.P. 362,383. 

« Soc. qiom. Ind. Ba^le, G.P. Appl. B.98,547. 

“ Chem. Fabr. Weiler-ter Meer, G.P. 355,173. 

’ G.P. 380,577 ; G.P. Appls. F.25,806, C.27,616. 

•G.P. Appls. C.29,230, C.31,249; E.P. 187,619. 

» G.P. 362,445, 369,424-5. 
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can then be used for a variety of industrial purposes, e.g,, as a 
solvent for printing colours, and as a softener for synthetic 
resins Many derivatives of thiodiglycoJ, suitable for use as 
solvents' etc., can be prepared by condensing it with aldehySes 
ctc.^^ The formaldehyde condensation juoduct can be used in the 
preparation of Alizarin lakes 

Fungicides, insecticides, and weed-killers have become another 
side-line with certain dyestuff manufacturers. The products 
described in the }>atent literatim^ arc all more or less linlied up 
with dyestuffs intermediates.^'^ 

Some of the ramifications tvf the industry seem very curious, 
but the explanation is simple. Speaking generally, the manufac- 
ture of dyestuffs themselves has not called forth anything like the 
same effort as has tlie technical preparation of the required inter- 
mediates. Thus when Perkin discovered mauve in 1856, aniline 
was a comparatively rare chemical, and as the dyestuff industry 
developed one of its first problems wus the industrial production 
of aniline oil. As now dy(‘stuffs were discovered the rapid ‘ de- 
velopment in the .technique of the manufacture of the evec’- 
inoreasing range of intermediates gave' the dyestuff industry a 
commandifig ]>osition vith regard to aromatic organic products in ‘ 
general and a large portion of the ali])hatic field also. Glyoxal is an 
example of a product for which previously there has not been any 
industrial demand, but evidence of a new interest in this substance 
is found in the Weiler-ter Mcer i)atent for its jneparation by 
treating tctrahalogene thane with oleum in the presence of a salt 
of a heavy metal such as mercury Production directly from 
acetylene by the action \>f a halide salt of a polyvalent metal, pre- 
ferably gold, is proposed by K. Kindler.^® Possibilities in con- 
nexion with industrial uses of glyoxal arc indicated in a patient of 
Meister, Lucius, u. Briining, which claims its conversion to tetra- 
hydroxyquinonc by the action of alkalis in the presence of 
air.^’ 

Sometimes supply comes before demand, especially in the case 
of organic by-products. Thus we sec attempts being made to 
find outlets for cymene in connexion with dyestuff manufacture. 
FuT^ural is another material for which outlets are desired in the 
organic chemical industry.^® 

G.P. Appl. F.49,078. 

^ G.P. 370,005. 

^ G.P. 360,980, 365,170, 365,171 ; XJ.S.P. 1,422,869. 

« G.P. Appl. F.46,r)92. 

•♦^G.P. 343,864, 365,169, 376,718; G.P. Appl. F.52,685 ; G.P. 343,866; 
G.P. Appl, 33.107,638. 

G.P. 302,743. 

G.P. 362,745. 

” G.P. 370,222, addition to G.P. 368,741. 

CJmi, Trade J., 1923, 765. 
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Two further references will bo quoted to show how widespread 
are the interests of the dyestulf industry. Meister, Lucius, u. 
^pining has patented the preparation of organic acids by the 
action of nitric acid on materials of vegetable origin, suck as coal, 
lignite, etc. The atud products obtamed are stated to be capable 
of finding application, particularly in the paper, leather, and 
dyeing trades ; also in the preparation of colloidal metal solutions 
for pharmaceutical purposes.^® The Badische Anilin u. Soda 
Kabrik has taken out a patent for the preparation of drying oils 
by the action of phosgene on aliphatic or hydroaromatic hydro- 
carbons in the presence of aluminium cliloride. 

* A side-line in the dyestuif industry of re(!ent origin is the manu- 
facture of synthetic mordants which take the place of natural 
^annins in the fixation of basic dyes. These products, which have 
afiinity for cotton, are sul]>hm* condensation products of phenols. 
Recent developments in connexion with their manufacture are 
published by F. Bayer u. Co.^® Meister, Lucius, u. Briining has 
alSo entered this field with a patent for the condensation of sulphur 
•ihloride with 2)henols. Products are obtained which possess 
mordanting properties 


Halogen ComjfO'mids. 

'rhe most interesting dcvelo2)ment under this heading is the 
w^ork by J. Schmidlin (C^assella und Co.) on polychloroaldehydes^ 
wLicdi find application in the ^preparation of triphenylmethane 
dyes of the Eriochrome Azmal tyjpe (sec later under dyestuffs). 

A. Wahl and Soc. Anon, des Matitnvs Colorantes et Prod. Chim- 
i(iues proj)ose to obtain pure o- and^;-chlorotolucne bysulphonating 
the •mixed chlorination product of toluene. The o-chloro com- 
pound sulphonates in preference to the para, and the latter is thus 
obtained in a jpurt^ state. Pure o-chlorotoluene is then recovered 
from its sulphonic acid by hydrolysis^^ 

A new general method of chlorination of organic compounds by 
means of sulphuryl chloride, in conjunction with aluminium 
chloride and sulphur chloride, is patented by 0 . Silberrad and 
A. Boake, Roberts and Co.^® 

Durand et Huguenin has described an interesting new reaction 
in connexion witli the chlorination of primary aromatic amines.^ 
If the amine in the form of its hydrochloride is suspended in an 
indifferent medium and treated with chlorine, very highly chlorin- 

G.1^4Appl. F.48,809. 
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ated products are obtained ; for example, aniline by this method 
gives the compounds : — 

NCi NCI 


Cp ^C1 


A 

Cl Cl 


ujid 


Cl^ 




A 

Cl Cl 


SuJ phonal Ion. 

By acting on acylaminos with chlorosulphoijic acid R. N. JohiLs(>u 
and S. Smiles have obtained sulphonyl chlorides. These sub- 
stances have the same configuration as those of the sulphonic aci^s 
obtained from the acylamine with suli)huric acid."® In this con- 
nexion Compare the action of chlorosulplionic acid on aromatic; 
amines, shovn by J. Baddiley, J. Payman, and H. Wignall,^® to 
give o-sulphonic acids under certain conditions. 

An improvement ^n the manufacture of aromatic sulphochlorid^s 
is claimed by Chem. Fabr. Weiler-ter Meer ; instead of the custom- 
ary excess Vif chlorsulphonic acid, only one (equivalent is used plus 
an equivalent of SO3:— RH 

A minus. 

Much work has been done on the catalytic reduction of nitro 
compounds (see later under catalysis). Commerical reduction by 
means of sodium amalgam is proposed by W. G. Adam, N. E. 
Siderfin, and D. G. Murdoch (Gas Light and Coke Co.), particularly in 
connexion with the reduction of nitro compounds to hydrazo com- 
pounds, i.e., for the synthesis of benzidine etc .2® Provided' that 
there are no technical difficulties, and that the yields are com- 
parable, this process would appear, on the face of it, cheaper than 
the usual method of usingtzinc dust. It is not made clear, how- 
ever, what advantage is achieved by making the sodium amalgam 
separately in the electrolytic cell and then bringing it into contact 
witl^ the nitro compound, as against the apparently simpler process 
of liirect electrolytic reduction with the nitro compound itself in 
the cell. ^ 

* The direct introduction of amino groups is a problem which has 
always presented interesting possibilities, economic and otherwise, 
to the dyestuff technologist. A. E. Tschitschibabin has succeeded 

2 * E.P. 193,843, 198,076. 

25 C/icm. Soc. Tram., 1923, 123, 2384. 

2«E.P. 175,019. 

« G.P. 386,049. 

«E.P. 200,167. 
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in doing this in the case of bases of the pyridine and quinoline 
series, the reagi'nt iisc'd being sodamide. The amino derivatives of 
tl^ese bases mighf> fin^ application in dyestuff synthesis.^® 

Apart from the references mentioned, recenl technical work 
in connexion with aromatics amines has been mainly in the direction 
of new syntheses of N-substituted derivatives. Chem. Fabr. Weiler- 
ter Meer obtains alkylated amines by the reduction of alkylidinc 
compounds with zinc and sulphur dioxide ; for example, ethyl- 
aniline ca7i b(‘ obtained in this way from acetaldehyde and aniline.^® 
Another nu'thod for making monoalkylamines, based on reduction, 
is tliat of C-hem. Wo-^ke (llrenza(;h, in which imino ethers, 
Ti-C ( : NH) OKt, are r(*diict‘d elecdrolytically.®^ Dimethyl amines are 
obtaina])le, according to Kalle und Co., from phenylirnino-diacetic 
a#ids, PhN : {(^Ho-COgHlg, or their ring-substituted derivatives by 
lu'ating th('m with ferrous salts.®^ A new type of substituted 
amine is suggested by the Akt.-Oes. f. Anilinfabr. patent for the 
prc^iaration of cyclohexylamhu's by condensing aromatic primary 
or 8(;conda.ry ainin(‘s with cyclohexanol in the presence of zinc 
ctiloride.®® 


Phenoh. 

Of the three main t(‘chni(‘al methods of introditeing the hydroxyl 
group into aromatic compounds, i.e., replacement of the sulpho, 
halogen, and diazoniurti groups respectively, there has been no 
published progress with regard to the first. An interesting obser- 
vation, however, has been made Avith regard to the second method 
by K. W. Rosenmund, K. Luxat, and W. IVdemann in an investiga- 
tion on the effect of ultra-violet rays on the reactivity of halogens 
in the ring of aromatic; compounds, both in the presence and 
absence of catalysts. The effect of ultra-violet rays was found 
to be very marked^ for example, on boiling ^>chlorobenzoic acid 
with 35% caustic potash for fi hours in the presence oi copper 
only 6% of the chlorine was split off, •whilst if the reaction was 
carried out in a quartz vessel exposed to the rays the whole^of the 
chlorine was replaced by hydroxyl.^* An improvement fin con- 
nexion with the third method of introducing the hydroxyl gitoup 
(by replacement of the diazonium group) has been patented by 
H. H, Hodgson and The British Dyestuffs Corporation, Ltd., who 
find that by continuously steam-distilling off the w-chlorophenol 
from decomposing diazochlorobenzene high yields of the chloro- 

2® Chem. Zentr., 1923, 94, III., 1020, 1026 ; G.P. Appl. T.19,685. 

G.P. 3^7,013. 

G.P. 300,529. 

G.P. 375,463. 

G.P. Appl. A.36,571. 

Ber., 1923, 66, 1950. 
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phenol are obtained.®® m-Chlorophenol gives tne hitherto unknown 
nitroso compound when treated with nitrous acid.®® 

A method for the direct introduction of 'the hydroxyl group in < 
the cash of pyridine, quinoline, and their homologues is described 
by A. E, Tschitschibabin. These substances are heated with very 
carefully dried and finely powdered caustic potash. Hydrogen is 
evolved and the hydroxyl group enters the ring in the a-position 
to the nitrogen atom.®’ 

According to the Chem. Fabr. auf Actien vorm. E. Schering, 
improved results are obtained in the manufacture of quinol by 
reducing quinhydrone by means of a ferrous salt in the piesencc of 
an oxide, hydroxide, or carbonate of magnesium, zinc, manganese, 
or iron. The quinhydrone can be obtained from quinone by the 
usual reducing agents.®® Quinone itself has usually been prepared 
by the chromic acid oxidation of aniline. It is now proposed by 
the Byk Guldenwerke Chem. Fabr. A.-G. to replace a portion of 
the expensive chromic acid with pyrolusite.®® The ch^ctrolytic 
oxidation of benzene to quinone and the electrolytic reduction of 
quinone to quinol have been investigated by A. Seyewetz aiftd 
G. Miodon.-*® 

A patent has been taken out by N. E. Siderfin, S. B. Tallantyre, 
W. V. Shannan, and W, L. Galbraith (Gas Light and Coke Co.) for 
the preparation ol nitrosophenols by the action of nitrosylsulphuric 
acid on phenols. This method might })rove economically advan- 
tageous in cases where the nitrosophenol is required for further 
condensation in sulphuric acid solution, isolation of the nitroso 
compound being thereby avoided ; for example, in the preparation 
of the indophenol from icarbazole and nitrosophenol.^ 

Claim is made by the Badische Co. for a process for the prepara- 
tion of phenol in a form which will not darken. The phenol ifi 
boiled for some hours before distillation.^^ 

< Aldehydes. 

r 

Direct oxidation of dibenzyl to give benzaldehyde and benzoic 
acid fe proposed by H. R. Curme and The Carbide and Carbon 
Chemical Corporation.^® 

•Of the various derivatives of benzaldehyde the m-nitro-compound 
is one of the^most important from an industrial point of view. As 

®®E.P. 200,714. 

E.P. 206,734 ; Chem. Soc. Trans., 1923, 123, 2499. 

Ber., 1923, 56, 1879. 

»« G.P. 380,503. 

»» G.P. 309,354. 

« Bull Soc. Chim., 1923, 33, 449. 

E.P. 203,060. 

“ G.P. Appl. B.103,620. 

“E.P. 197,319. 
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ordinarily prepared by the direct nitration of benzaldehyde, 0. L. 
Brady and S. Harris show that the maximum yield of pure m-com- 
ppund is 65% of theor^, 19% of the o-compound being also formed.** 

A new synthesis of /3-resorcylaldchyde by the action of fliphenyl- 
formamidine on resorcinol is described by J. B. Shoesmith and 
J. Haldane. *5 

Carboxylic Acids. 

Improvements in the preparation of benzoic acid are claimed 
by E. 0. Barstow and the Dow Chemical Co., who oxidise benzyl 
chloride udth bleaching powder,** and by R. H. McKee and 
H. C. Cooper,*^ who olidise toluene with chromic acid. 

* The manufacture* of o-iiitrobenzoic acid by distilling nitro- 
toluene with strong nitric acid is claimed by E. A. Lloyd, V. P. 
Ctershon, and W. M. Grosvenor.** 

Kalle u. Co. published an interesting process for the preparation 
of o-aminocarboxylic acids of the benzene series by the action of 
oxidising agents, especially hydrogen peroxide, on isatin and its 
derivatives.*® 

Some interesting work has been done recently in coimexion with 
phenylglycinc. In the ordinary process of condeneing aniline 
with chloroacctic acid, R. Nodzu and S. Komatzu have shown 
that in addition to phenylglycinc there are formed also phenylimino- 
diacetic- monoanilide and ^phenyldiketopiperazine.** A method 
for making phenylglycinc directly from aniline and trichloro-» 
ethane, without the intermediate production and isolation of 
chloroacctic acid, is one that promises to be of great interest from 
the economical point of view. M. Wyler^nd The British Dyestuffs 
Corporation, Ltd,, have patented a process for carrying this out in 
one operation.^* 

Derivatives of Naphthalene. 

Under this heaSing come some of the chief dyestuff^ interme- 
diates which have a{!hicved importanae from the point of view of 
bulk production, yet it is remarkable how little information with 
regard to them has appeared in the literature in recept years. 
H. E. Fierz-David reviews the subject generally and giv^s an 
indication of the developments of the chemistry of naphth«Ciene 
in its industrial aspects. 

** Citem. Soc. Tram., 1923, 123, 484. 

“ Ibid., 1923, 128, 2704. 

U.S.P. 1,463,190. 

"U.S.P. 1,468,491. 

« U.S.P. 1,468,715. 

G.P. 375,616. 

Ch^in/ical Abstracts, 1923, p. 1449. 

, «E.P. 188,933. 

t “ Z. angew, Chem., 1923, 36, 188 ; J„ 1923, 421t, 429t. 
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Interest in the dinitronaphthalenes and nitronaphthylamines 
has been revived duriiiji; the year. Of the 10 possible dinitro- 
naphthalenes only four were previously laioWn (1.5, 1.8, 1.3, and 
l.G), and of these only the first two, which are direct nitration 
products of naphthalene, have any industrial application. 
V. Vesely and K. Dvorak^® have now pre])ared the 1.7-, 1.4-, and 

1 .2- dinitronaphthalenes, the first two from the corresponding 
nitronaphthylamines, the last by d(‘hydrogenation of ar-1.2-dini- 
trotetrahydronaphthalene (nitration product of tetralin). In the 
partial reduction of th(‘ dinitronaphthalenes it was found that the 
particular nitro group attacked depends on the reducing agent 
used (ammonium sul])hido or stannous chloride), just as in thg 
analogous case of 1 .2.4-dinitrotoluene. In the nitratipn of 
acet-j3-naphthalid(^ V. Vesely and M. Jakes have observed th^ 
formation of G-nitro-2-aoetnaphthalide in addition to the known 

1.2- and '8. 2 -isomers.''*'^ A useful siunmary of the rules of sub- 
stitution in the naphthahme series is given in tabular form by th(^ 
same authors. 

The interaction ohtlie nitronaphthylamiiu's with formaldehyde 
has been studied by G. T. IMorgan and E. R. Jones. The n^sulting 
products "are either methylenebisnitrona])hthylamines or diamino- 
dinitrodinaphthylmethanes, according to the configuration of th(‘ 
particular nitronajihthylamine used. Acridines were ])repared 
from the methane bases which had two amino grou])s ortho to the 
^methylene bridge. 

A new class of j8-naphthol derivatives, the l-arylamino-2- 
naphthols, is described by A. Wahl and R. Lantz.^’’ These 
compounds are prepared l)y condensing l-halogen-2-naphthol with 
aromatic amines. They are converted to the corresponding 
quinones, e.g., l-phenylimino-2-naphthoquinone, by oxidation by 
means of sodium hypochlorite.^*^ The new aryiiminonaphtho- 
quinoncs ^ive typical quinone reactions, e.g,, they give sulphonic 
acids when treated with bif^ilphite, and add on a molecule of an 
amine to form 4-arylamino-l-arylimino-j8-naphthoquinones.’'’® The 
latter r<ft^dily condense with a further mol. of amine to give azines 
(see Ijiter under dyestuffs). 

G? T. Morgan and E. Jones describe the preparation of 
j8-naphthol-4-s\^lphonic acid by a new method, namely, by heating 
•naphthalene- 1-diazo 2- oxidc-4- sulphonic acid with alcohol. 

« BvU. Soc. Chim., 1923, 33 . 319. 

** Ibid., 1923, 33 , 942. 

“sjbMi., 1923, 33 , 958. 

” J., 1923, 92t. 

Soc. Anon, dea Mat. Col. St. Denis, E.P. 182,084 ; ,7., 1923, 598a. 

»8i2ev. Qin. Mai. Col, 1923, 28 , 33 ; E.P. 191,064, 182,084, 206,150. 

” E.P. 206,142. 

w J., 1923, 97 t. 
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Intorcisting new sulphur-containing derivatives of naphthylaiuine- 
and aminonaphthol-sjilphonic acids are described by H. Suida and 
Ohem. Fabr. Weiler-tcr Meer. These are prepared by adding 
sui 2 )hur chloride (SoClg) to aqueous solutions of the sul])honic acids 
in the presence of sodium acetate. Unstable compounds are first 
foruK'd which are very rich in sulphur, and these on treatment 
with alkali or with strong acids pass, with loss of sulplmr, into 
inore stable products. The new compounds easily form deeply 
coloured (jxidation products, which in turn are easily reduced to 
the leuco stale. They appear to retain the diazotising and 
coupling prop(‘rties ofithe original aminonaplithalene- or amino- 
ftaphthol-sulphonic aeids.®^ 

Improvemcmts iTi the manufacture of H-acid are claimed in 
H ])at(‘nt by (1. Porno and (1. Pelligrini.^- According to these 
invi'stigators, it is advantageous to isolate tlu^ 1 .3.().8-nitronaph- 
thaleiu'trisulphonic acid ])rodu(;ed by sulpJionation and nitration of 
n^phthakaie, and to reduce it by means of hydrogen and a catalyst. 
^loix‘ (‘conomi(Nil working and greater ])urity of the product are 
claimed as the result of this invention. • 

An examination of th(‘ constitution and pi'opertigs of J-acid 
(2-amino-o-naplithol-7-sulphonic acid) has been made by M. 
Pattegay and A. WollT in an attempt to arrive ^ an explanation of 
the substantiv(‘ character’ of lh(‘ cotton dyes made from this inter- 
mediate. Some of the derivatives j)repared are new. J-acid itself ^ 
also its diazo compound and its hydrazine, were found to have no 
allinity for cotton. An interesting fact emerged with regard to 
the hydrazou(‘s : those from monokctgnes have no affinity for 
(cotton, ^vhereas those from a-diketones dye cotton well. The 
hydrazoiu's from the diketoncs may be regarded as o-hydroxyazo 
derivatives, from which it may be mferred that the presence of 
the azo groiij) is aj^ accessory cause at^ least in connexion with the 
affinity of J-acid dyr^s. The “ tartrazine ” derived ^rom the 
hydrazone of J-acid (2 mols.) and riioxytartaric acid was also 
found to dye cotton. 

^-Hydroxynaphthoic acid (2-hydroxynaphthalene-3-ciifboxylio 
acid) lias attained great industrial impoidance in recent years on 
account of the use of its anilide for the production of ice colours on 
cotton. In view of this it is curious that so many •of the isomers 
of this acid should have remained unknov i until the subject waa* 
taken up by A, Roylc, C. Butler, and J. Sehedler. These authors 
have prepared and described the 3-, 4-, 5-, (>-, 7-, and 8-hydroxy- 
^-iiaphtho^c acids, and also many of their derivatives.®^ In the 

G.r. 380,578. 

«“E.P. 190,114. 

• Chim., 1923, 33, 1481. 

Chem. Soc, Trans., 1923, 123, 1G41, 1649. 
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preparation of /S-hydroxynaphthoic acid itself E. C. Shorej claims 
to obtain improved yields by continuously circulating the gas during 
the interaction of carbon dioxide and sodium naphtholate. Er^e 
j8-naphtKol is removed from the sphere of reaction by this means.®® 
The arylamides of j8-hydroxynaphthoic acid have not previously 
been sulphonatcd. Meistcr, Lucius, u. Briining now describes 
sulphonic acids obtained by treatment of the arylamides with 
monohydrate. No definite constitution is attributed to them, 
but they are described as giving aqueous solutions which have 
marked colloidal properties.®® 

Various new arylides of /3-hydroxynaphtlipic acid have come into 
prominence during the year, but these will be j-eferred to under the 
heading of azo dyes. The colloidal character of these arylides is of 
great importance in connexion with their application to the cottoi 
fibre. Under the ultra-microscope and in ultra-filtration they show 
typical cdlloidal behaviour. Solutions of j3-naphthol do not possess 
these properties under analogous conditions, and this difference will 
account for the great advantages of the Nai)hthol AS series o\^)r 
jS-naphthol with regs^rd to ease of application in dyeing processesf 
i.e., Naphthol AS is applied to the fibre by padding and squeezing, 
and is developed directly without drying, wdiereas the jS-naphthol 
preparation requires to be dried befon^ it can bo developed.®’ 

« 

Miscellaneous I )dcrw>ediates . 

Some additions have been made to our information with regard to 
the chemistry of acenaphthene duihig the past year. The bromine 
derivatives have been studied by R. do Fazi.®*^ In the nitration 
of 3-chloro-acenaphlhene * G. Farnell finds that the 3-chloro-4- 
nitro-derivative is formed together with another product.®® It is 
only during comparatively recent times that acenaphthene* has 
been isolated from coal tar on the industrial scale, but there arc 
indications that its chemistry will eventually Be thrashed out as 
thoroughly as was the chemktry of naphthalene in the earlier days 
of the dyestuff industry. Inc same may be said of carbazole, but 
at present technical progress has been mainly on the lines of the 
isolation \ind purification ot this substance’® and in connexion with 
the ,Tfreparation of its alkyl derivatives, 

A simple method of making the latter is described by T.-S. 
Stevens and S.* H. Tucker.’^ The carbazole is dissolved in alcohol 
or acetone, to v/hich is added an aqueous solution of sodium or 

•5U.S.P. 1,450,990. 

8«E.P. 1 811, 428. 

J. Soc. Dyers d; Col, 1923, 39 , 334. 

Oazz. Chim. Ital, 1923, 53 , 499. 

CJiem. Soc. Trans., 1923, 123 , 60. 

G.P. Appl. W.62,045. 

Chem. Soc. Trans., 1923 , 123 , 2140 . 
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potassium hydi’oxide, followed by the alkylating agent, e.g., methyl 
sulphate. The reaction proceeds at, or slightly above, room tem- 
pofature, and the yiel(f is stated to be practically quantitative.'^ 

A now derivative, namely, ^-nitrophenylcarbazole, is fJrepared 
by G. andM. de Montrn oilin’^ by the action of nitrobenzene on the 
sodium or potassium derivative of carbazole. Many derivatives of 
tetrahvdrocarbazole are described by G. A. Edwards and S. G. P. 
Plant.-^^ 

A patent for the preparation of aminophenanthrenequinones, 
by reducing the corresponding nitro compounds with ‘hydro- 
sulphite, is suggestive of new developments.’^® 

Catalysis. 

•A remarkable number of patents dealing with catalysis have been 
jmblished by German colour firms during the past year or so. These 
firms seem to liavc been engaged largely in developing the manu- 
faqfure of higlily active charcoal from such raw materials as 
lignite. A very large number of patents have been published in 
connexion with the manufacture and use of specially active charcoal, 
but so far only one or two have had a direct bearing on the dyestuff 
industry. J'\)r example, E. Bayer u. Co. patents the prodhetion of 
aromatic amines by reducing the corresponding nitro compound 
by means of coke-oven or producer gas, containing hydrogen 
sulphide, in the presence of j)orous charcoal.'^® The capacity of 
some of the charcoals described for the absoiption of vapours is 
remarkably high, ewen under diminished pressure ; for example, 
F. Bayer u. Co. describes the use of absorbent charcoal for pro- 
tecting the vacuum pump against the aclion of corrosive vapours 
during the distillation of p-nitrobenzoyl chloride 

M(?thyl alcohol and formaldehyde are important raw materials 
of the dyestuff industry. Various factors- —for example, the 
synthetic manufaoftire of acetic acid^ — have had a disturbing effect 
on the wood distilling industry, with ^he result that the* price of 
methyl alcohol, and c<vns(^(piently of formaldehyde, shows a strong 
upward tendency. In consequence of this the synthetic production 
of both of these materials has attracted a considerable amount of 
attention. Recent publications refer to the catalytic production of 
formaldehyde from methane, from methylene chloride, and from 
carbon dioxide, and of methyl alcohol from methyl chloride."^® 


GJ. also E.P. 192,370 ; National Aniline & Chemical Co, 

Helv. Ghim. Acta, 1923, 6, 94. 

Ghem. Soc. Trans., 1923, 123 , 2393. 

G.P. 173,976. 

G.P. Appl. F.49,396. 

” G.P. Appl. F.49.623. 

• an^ew. Ghem., 1923, 36 , 297; Ghem. Zentr., 1923. 94 . III.. 610: 
G.t». 362.746, 361,042 ; U.S.P. 1,460,244. 
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• The catalytic reduction of nitro compounds 'has been under 
discussion for some yt^ars, but a cojisidorable volume of literature 
on this subject is still being ]ujblishcd, particularly a series of 
papers ky "O. W. Brown and C. 0. Henke, who also have filed 
patents which embody tludr dis(tov(‘ri(‘s. They use a wide range 
of catalysis, including thallium, lead, bismuth, tin, oxide of tin, 
amorphous red lead, etc. In the reduction of nitrobenzene the 
process can be earri(‘d to the azoxy, azo, hydrazo or amino stages, 
according to the conditions and the catalyst used7'^ 

A. Bt'och(‘t has ]mblished an account of the* reduction of 
nitro-com])t)unds using a nickel catalysi .^^ He show s that htI net ion 
can l)e e.arried out at nuKlerate teFnjwuaturev and ])iessures, e.g% 
nitrobeiizenes may be rc'dueed in the lifpiid plias(' ; solvc'uts may 
be employed in the case of a solid nitro com])ound. » 

The preparation of |3-naphthylamin(‘ by the action of ammonia on 
j8-na])hthol in the vapour ])has(‘ in the ])r(‘.s('n(U' of a catalyst has 
been proposed by A. Lovyy and A. ill. How aid. < 

()n(5 of the most im[)ortant and recent d(‘velo|)jn(aits in connexion 
with catalysis, so far as the organic? chemical industry is concerned, 
is catalytic, oxidation. The su(?c(‘ss f)f the ])hthalic anhydride 
process worked out in Anu^rica is now w i'll- known. A. Wohl, who 
took out ])atc‘nts for this process in (lermany^- at or about the 
same time' as H. 1). Gibbs in America, has now^ follow'cd with a 
^process for the? ])ro(lucti(.)n of acids, ketcaies, and carbonyl com- 
pounds generally, using metallic salts of oxygen- carrying acids, 
e.g., sodium vanadate. The manufacture? of anthra([iiinone from 
anthracene would ap])(‘ar,to be one of the main objc'cts of these 
patents.®^ H. J). Gi]>bs is also w^orking in the field and claims to 
obtain both antlnacpiinone and phthalic anhydride by the (cata- 
lytic oxidation of ciiide anthraceme, the ])hthalic anhydride being 
derived from the phenanthrcuic jjiesent.^^ TJje Barrett Go. is 
interestec^ in the catalytic oxidation of acenaphtheme to acenaph- 
theneepanone and naphthalif; anhydride, also in the oxidation of 
aliphatic side chains to aldehydcvs,^*’ and in the oxidation of benzene 
to give^naleic acid.®^ 

A^ Catalytic oxidation of ({uitc a difT(‘r(?nt character from those 
enumeuated above, and interesting for its novedty ris an hidustrial 

« 

‘ ’»U.S.P. 1,451.489, 1,456,969. 

80 IMJ. Soc. Ind. Mulhoiisc, 1922, 88, TOIl. 

" U.S.P. 1,449,423 ; Iiul. Eng. Cfiem., 1923, 15, 397. 

8^* G.P. 379,822. 

88 G.P. 340,089. 

84 U.S.P. 1,444,068. 

88 U.S.P. 1,430,500. 
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proposal, is that by A. Eckert. He finds that anthraquinoiie 
catalys(\s the spontaneous oxidation in sunlight of toluene and its 
homologues to carboxjlic acids. The chief drawback of this process 
would bo the time of o])eration, six wc(‘ks’ exposure, for example, 
being necessary in order to obtain a 40% yield of benzoic acid from 
toluene.”*^ 

In the ])re])arati(m of telrahydronaphthaicne by hydrogenatioji 
of lirpiid na])hlhalene under pn'ssun* a iriixed niclod-copper catalyst 
is claimed by the Akl.-Cles. f. Anilinfabr. to be advantageous.®® 
The Ikidisehe Co had previously patented the use of boron and 
chromium compounds along with nickel catalysts for the hydro- 
^‘iialion and d(‘hydr^)genation of carbon compounds.®” 

• Azo Dyes. 

In addition to the leehnieal progre.ss revealed in the numerous 
azo dye patents, tlie eheuii.stry of the azo and diazo compounds has 
rc'feivvd a e(‘rtani amount <4 attention during the j)ast year. G. T. 
Morgan and C. 11. Davies have ])ublished a ])aper on the upper 
limits of diazotisability in the benzene series. In the case of tri- 
aminouK'sitylene they found tiiat only two of the amino groups 
could l)c‘ diazotis(‘d.®^ (C T. Morgan and H. N. Head have studied 
the diazo leaction in the (axrbazole .series and have described 
carbazol(‘-.‘)-diazoiniine and 3-diazonium salts. 

Witt's method of diazotlsation in coiiccuitrated nitric acid has*' 
Ix'on studu^d by L. Klion, who finds that certain groups (COOH, 
COC^H^ and CHO) are sometimes displaced by From 

furth(‘r (contradictory) contributions on* this subject })y L. Elion 
and by W. J^^u(;hs it ajqtc'ars that the concentration of the nitric 
acid.em])loyed is of vital importance.®^ 

Azo d(‘!'ivatives of iridoxyl have been investigated by 0. Domier 
and J. Martinot,®^'and azo djTs from N-alkjd -a- methylene- dihydro- 
quinoluies are described by W. Kdnig.®® These compounds have 
only acad(miic interest. 

F. 1). Chattaway and H. R. Hill draw attention to the |c?rmation 
of orilio- as well as of |>rtm-hydroxyazo-compounds during the 
coupling of phenols.®’ 

8«E.P. J 82,487. 

8® G.P. 369,944. 

^OG.P. .302,143. 

Clmn. Soc. Trans., 1923, 123, 228. 

1922, 121, 2709. 

^^Rec.^rav, Chim., 1923, 42, 145. 

Ibid., 1923, 42, 511, 513. 

Rev. iUn. Mat. Col., 1923, 28, 05, 85. 

. Bcr., 1923, 56, 1543. 

■ • Chem. Soc. Trans., 1922, 121, 2756. 
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C. W. Porter and K. H. Ihrig make the interesting observation 
that an asymmetric dye from m-aminomandelic acid and j8-naphthol 
can be resolved. Wool takes up the dexlro form faster tha*jn ‘ 
the lievft form, indicating a chemical union in the dyeing 
process.®® 

The bisulphite compounds of azo dyes have been further studied 
by N. N. Woroshzovv.®® This subject has recently acquired a new 
interest from the proposal of the Badische Company to use the 
bisulphite compounds of otherwise insoluble azo dyes in connexion 
with the dyeing of acetylcellulose.^*^ 

Perhaps the outstanding feature of the year’s publications con« 
cerning azo dyes is the influx of patents relating to the colours 
obtained from the arylides of j8-hydroxynaphthoic acid. Although 
the discovery of the Chem. Fabr. Griesheim-Elektron is now ten 
years old,* the original anilide of jS-hydroxynaphthoic acid (I^aphthol 
AS) has practically had the field to itself. The red produced wJien ' 
cotton is prepared with Naphthol AS and developed with diazotis{‘d 
m-nitro-p-toluidine has established itself among th(^ fastest of 
cotton dyes ; for example, in the important trade of bleaching 
goods containing coloured effects, this red is on a par with some of * 
the best of the vat dyes. It is not surprising, therefore, that 
efforts should be made to widen the range of shades, especially in 
the direction of a black. The blue obtained from Naphthol AS 
^and tetrazotised dianisidine had already had a certain measure 
of success, but the great desideratum is a black having as good 
properties as the original red. 

Patents claiming to produce blacks and other deep shades which 
are fast to chlorine have been taken out by the Chem. Fabr. Gries- 
heim-Elektron. Cotton is prepared with an arylide of /3-hydrUxy- 
naphthoic acid, e.g., the anilide, a- or j3-naphthalidf‘, etc., and 
developed with a diazotised aminazo base of tiff' type aiyl-azo-a- 
naphthyltoine. In the prep^iration of the base any arylaininc may 
be coupled with any derivative of a-naphthylaminc cai)abie of 
coupling in the T-position. Sulphonic acid groups are ruled out for 
obvious jfeasons.^*'^ Another method for obtaining blacks and 
dark-violet shades is to develop with tetrazotised diaminoazo com- 
pounds, e.g., j9-aminobcnzene-azo-cresidine, p-aminobenzene-azo-a- 
.naphthylaminej etc .^*^2 F. Bayer und Co. has also entered this field 
with a claim to obtain fast blacks by the use of a developer of the 
amino-azo type, prepared from a negatively substituted o-amino- 

Amcr. Chem, *Soc., 1923, 45 , 1990. 

»» Chem, Zentr., 1923, 94 , III., 615. 

E.P. 204,280. 

E.P. 203,032 ; G.P. Appl. C.30,757, C.32,107. 

G.P. Appl. C.32,160. 
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dialkylaniline by tiiazotising and combining with an amine of the 

para coupling type. For example, the base, 
a 

NO2 CH3 

NM 02 ~OEt 

develops a black on Naphthol AS which is stated to be fast to 
boiling, chlorine, and light.^^® 

Many variations of the simple arylides of j8-hydrox3maphthoic 
acid appear in the recent patents of the Chem. Fabr. Griesheim- 
Elektron. A special claim is made for the o-toluidide of j8-hydroxy- 
naphthoic acid, especially when halogen-substituted. Unexpected 
fastness is claimed particularly when the diazo compound used for 
development is also halogen-substituted.^®^ Other patents cover 
the o-alkyloxyarylides^®^ and the /j-alkyloxyarylides. The latter 
would appear to be specially valuable when used in conjunction 
witli the diazo compound from 5 -nitro-o-toluidine, bright, fast 
]^nks being claimed.^®® Meister, Lucius, u. Briining has entered 
this section of the field with a patent covering d^alkoxy-, o-aryloxy-, 
and o-aralkylo.xy-arylides of j 3 -hydroxynaphthoic ajjid,^®^ and 
with another patent cov(Ting halogenated p-alkyl- or p-alkoxy- 
arylidcs of j8-hydroxynaphthoic acid.^®® Thqsc naphthols are 
applicable with any base and are stated to bo fast to kier-boiling. 
The Soc. (.^hem. Tnd. in Basle also contributes a patent which relates ^ 
to the use, in conjunction with any arylide of jS-hydroxynaphthoio 
acid, of tii(‘, ])arUcuIar bastes containing an o-alkoxy or aralkoxy 
group, e.g., 2 -amino- 4 -chlorobenzcne-l.r-phcnyl ether .^®® 

The patents ref<‘rences recorded above appear to indicate a ten- 
dency to overlapping between the Chem. Fabr. Griesheim-Elektron 
and its comjietitors with regard to the minutiae of the j8-hydroxy- 
naphthoic-arylide folours. It is noteworthy, however, that the 
Griesheim-Elektron is once more the jhoneer in what might prove 
to be quite an important enlargement bf the new field of ice colours 
opened up by the intjoduction of Naphthol AS. A yellow to go 
along with this range is suggested by recent patents ‘covering 
insoluble dyes, formed in substance or on the fibre, which are 
obtained by coupling a diazo compound devoid of sulpho or carboxy 
groups with a di-acylacctoarylide of the general formula 
Ac.CHg.CO.NH. X.NH.CO.CHj.Ac, where X is a diphenyl residue. 


204,514 ; G.V. 381,916, 382,087. 
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For exairiy)le, di-accto<acctbenzidiTude, CHg.CO.CHa.CO.NH.CgH^. 
C^H 4 .NH.C 0 .CH 2 .C 0 .CH 3 , and di-benzoylacctbenzidinide, 
C6H5.CO.CH2.CO.NH.C6H4.C6H4.NH.CO.Clio.C().C6Hs, arc stated 
to give fast yellows with the diazo conij)ounds from o-chloroanilinc 
etc.^^® 

]\lany ne^v “ Napbthols ” and new' bases have been recently put 
on the market by the (Iriesheim-Klektron.^^^ A number of new^ 
nu'mbers of the Ka])i(l J^^ast series (mixture of stable isodiazotates 
wath jS-bydroxynaj)hthoic arylides) have also been put out. These 
latter are particularly ayiplicablc in calico priniing,^^^ 

In coiuiexion with mordant azo dyes, one of the most interesting 
d(^veloy)ments during the last few years has Ix'en tJie prt'yiaration 
of their soluble copper and chromium comyinuiuls. ^bhe soluble 
copper eom])ounds of certain types of mordant azo dyes for w^^'ol 
have long been known, but in rc'cent yt'ars the Society of Chemical 
Industry in Basle has patented the pre]>aration of a number of 
different ty])es of direct cotton colours containing cop])er. The 
last patent on this subject describes the cop])er (jompoiinds of azo 
dyes derived frorn^ 2-amino-l-hydroxybenzen(‘-4-sulphonamidc \2 
mols.) combined with 5.r)'-dihydroxy-2.2'-dina])hthylamine-7.7'- 
disulphonic acid. The j)roducts dy(‘ cotton in violet shades distin- 
guished by great fastness to light The same iirm has been 
engaged in the yerejiaration of soluble chromium compounds of 
mordant-azo w'ool dyes ; various methods of bringing about their 
« formation are resorted to, e.(/., treating the sodium salt i>f the dyi' 
with an alkaline chromite or carrying out the azo coujiling itself 
in the prcsi'iice of an alkaline chromite, etc.^^'* 

The Akt.-Oes. f. Aniliitfabr. has a series of yiatents for mordant 
azo dyes from polychloro-o-aminophenols combined with naphthol 
sulphonic acids. Amongst the diazo compoiuaits memtioned are 
3.4,G-trichloro-2-amino-l-hydroxybenzene, 8.4.r)-trichloro-2-amino- 
1 -hydroxy benzene, 3,4.5.()-tetrachloro-2-amim»- 1 -hydroxybenzene, 
3.5-dichk)ro-4-mcthyl-2-amino-l -hydroxybenzene, and 3.5.C-tri- 
chloro-4-methyl-2-amino-l-l5ydroxybenzene.^^^ Tlu^se new dyes 
give bjpe shades by the metachrome process. 

Chroifte printing colours derived from resorcylic acid have been 
obtfiined by the Soc. CLcm. Tnd. in Basle by coupling with l.diazo- 
2-naphthol-4-sulphonic acid or its nitro derivative. The shades 
^ obtained are violet and violet-browii.^^® 

A new chrome printing dye giving greenish-yellow shades is 

G.P. Appls. C.31,408, C.32,616. 
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described by F. Bayer u. Co. It is obtained by coupling diazotised 
p-])henylenediainiTie-2.r)-disulphonic acid with salicylic or crcsotinic 
acid.’^^ • 

Another chrome printing colour is obtained by the Soc*' Chem. 
Ind. in Basie by cou])Iing arylpyrazolones derived from m-amino- 
b(‘nz()ic acid with diazotised 6-amino-4-sulphosalicyIic .acid.”^ 

A chrome dye giving on wool a black fast to potting is obtained 
by the sam(‘ firm from 4- (or ()-)nitro-2-aminophenol diazotised and 
coupled with i .5.7-aminonaj)htholsulphonic acid.^^® 

A new serit's of direct cotton dyes, particularly adapted for after- 
treatnu^nt on the fibre ..with copper or other metallic salts, is 
dt^-iciibed by Bayer \ind Co. The dicarboxylic acid 
of benzidine (4.4'-diaminodi])henyl-3.^T-dicarboxylic acid) is diazo- 
ti!«'‘d and cou])l(‘d with 1 mol. each of two different end components, 
one of which contains solubilising sulphonic acid or carboxylic acid 
groups. When dyed on cotton a wide rang(^ of shades is obtained, 
g(‘iun’ally changing on coppering to deeper shades which are fast to 
light and washing. For exam]>le, benzidinedicarboxylic acid com- 
bftu's with 1 mol. of ])henyl-/?-naphthylamine and 1 mol. of 5.5'- 
dihydroxy-2.2'-dinaphthylamine-7.7'-disuI]>honic acid to give a 
violet changing to blue on after-treatment with copper 
Another new typi; of direct cotton dye is described in the patent 
of J. Baddik'v, J, Pay man, F. G. Bainbridge,' and the British 
Dyestuffs Corporation, lAd. These dyes contain the pyrazolone 
uucl(‘us, but substantive properties are derived from the presence of 
arylbenzthiazoh^ residues. As an (example the hydrazine derived from 
dehydrothiotoluidinesul])honic acid is condensed with dioxytartaric 
acid after the manner of the analogous syntlicsis of Tartrazine. The 
new j)roducts dye cotton genei’atly in orange shades fast to light 
and \V ashing 

Apart from the above noveltk's, the direct cotton colour patents 
recently published follow along the established lines, except that the 
benzidine type is not represented. The “ s**raight- chain’’ type is repre- 
sented by sim])lc secondary disazo dyes in a patent of F. Bayer und Co., 
of which the following is an example : — 5-amino-2-acctylapiino-l- 
anisol -f ]-amino-2-methoxynaphtlialenc-6-suli)honic acid +^1.4- 
naphtholsulphonk; acid. The acetyl group is finally split off and 
the product is a developing blue giving shades fast to washing and 
light, and dischargable with hydrosulj)hite.^2^ An extreme degree 
of complexity in the “ straight- chain ” typo is shown inthc Akt.-Gcs. 
f. Anilinfabr. patent for tetrakisazo dyes having the general 
G.P. 367,802. 

G.P. Appl. G.52,684. 

”»G.P. Appl. G.55,931 ; E.P. 193,385. 

^20 G.P. 380,058, 382,427 ; E.P. 198,634, 198,398. 

■ E.P. 185,880. 

B.P. 201,150. 



no 


REPOHTS OF THE PBOGRE83 OF APPLIED CHEMISTRY. 

‘‘ * c 

structure + a nitro-w-phenylenedia- 

mine. The usual first and middle components may be used ; for 
example, the dyestuff built up from 2.4.8-naf)hthylaminedisulphopic ' 
acid -\- u-naphthylamine + m-toluidhic + w-toluidine + nitro-m- 
phenylenediamine is a direct reddish-brown. Other components 
give various shades of bro^v^l, claimed to be very fast to light.^^ 

Direct dyes of tlic J-acid group are only represented by one 
patent (by F. Bayer u. Co.). p-Ammo-aroylaminosalicylic acid is 
diazotised and combined with a hcteronuclear amino derivative of J- 
acid, re- diazotised and coupled with an a-naphtholsulphonic acid. 
For example, the components p-aminobenzoyl-2>- aminosalicylic 
acid + 7a-aminophenyl-l .2-naphthiminazole-5-hydroxy-7-sulphovic 
acid -j- 1 .4-naphtholsuIphonic acid give a direct red, fast to light, 
acids, and water « 

The “ phosgene ” or “ urea ” type of direct cotton colour is repre- 
sented by one patcait, again by F. Bayer u. Co. An aminobenzoyl 
derivative of a monoacidyldiamine is diazotised and coupled with ‘ 
in aminoary Ipyi’azolone. The resulting aminazo con»pound is 

treated with j)hoHgene to form the ur{‘a, then the acidyl group ^s 
removed by hydrolysis. The products are developing yellows 
)f pronouttced green tone and having a good fastness to washing • 
md light 

Another devel(i^)ing pyrazolone dye of F. Bayer u. Co. is made 
from the same end components as the above (an arninoarylpyrazol- 
one) but in simple disazo combination with a tctrazotis(‘d ammo- 
benzoyl- diamine ; e.g., p-aminobenzoyl-m-phenykmodiaminesul- 

phonic acid is tetrazotised and coupled with 2 mols. of r/i-amino- 
phenylmethylpyrazolontii A dye similar to the developing yellow 
mentioned above is claimed 

Wool dyes of the pyrazolone series are represented by two pf^tents. 
In the first the Soc. Chem. Ind. in Basle claim level-dyeing, light- 
fast yellows obtained by coupling diazo conrpounds with l-(2'- 
methyl-iT-sulpho-5'-isopropyl)-phenyl-3-methyl-5-pyrazolon(;.^^® In 
the other patent Mcistcr,* Lucius, u. Briining claims that by 
coupling the diazo compound of m-aminobenzaldehyde (or a deri- 
vativeVwith a pyrazolone, dyestuffs are obtained which exceed in 
fastness proj^erties the Hitherto known yellow level-dyeing dyestuffs 
of'the pyrazolone series.^^’ 

Diphenyl ine has not hitherto been used as an azo dye inter- 
mediate, but now F. Bayer u. Co. claims trisazo dyes made from it 
by tetrazotising and coupling with 1 mol. of H-acid in acid solution. 

122 G.3\ Appl. A. 36, 189. 

G.P. 366,530. 

12* G.P. 374,991. 

126 G.P. Appl. F.50,174. 

U.S.P. 1,447,485 ; G.P. Appl. G.56,117. 

E.P. 205,503. 
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A diazotised monoamine is coupled on the other side of the H-acid 
in alkaline solution and the free diazo group of the dephenyline is 
coupled with a diamilie or a phenol. New black dyes are obtained 
w^iich, unlike the corresponding dyes derived from benzidine, have 
no affinity for cotton but function as acid dyes and are particularly 
useful for leather dyeing. The patentees claim that the diphenyline 
need not be isolated from the benzidine mother li(iuors in which it 
occurs but that this liquor may bo used directly 

Acid wool dyes which combine level dyeing properties with good 
fastness to light and tolerable fastness to milling can be made from 
y-acid and its derivative's by coupling in the 1 -position. The 
f^oc. Chem. Ind. in Ba^le and H. Schweitzer claim an advance on 
previously known dyes of the series by the use of a diazo compound 
obtained from a 4-nitroaniline-2-sulphonamide, e.g., 4-nitroaniline- 
2-sulpho-ethylanilide{N()2)(NH2)-C6H3-S02-N(C2H5){CcH5). Navy 
blue shades are obtain(^d.^“® The y-acid may be replaced by 
2.8-napthylaminesulphonic acid and its derivatives with a similar 
result except that the shades obtained are redder.^^*^ 

• The viol(‘t monoazo dye obtained by coupling diazotised p-nitro- 
ani!ine-o-sulphoiiic acid wuth y-acid in acid solution is, according 
to 1). E. McAllister and E. l.^du Pont de Nemours Co , capable of 
giving lakes whe^n pre(!i])itated by means of a barium salt on an 
aluminium hydroxide substratum.^^^ #; 

Another lake dye claimed by F. Bayer u. Co. to give a yellowish- 
red distinguished by covering pownr and fastness to light, is# 
olitained by diazotising ?«-toluidincsulpht)nic acid and coupling 
with j3-naphthol.i32 

Dyestulfs insoluble in w'atcr and oil jire obtained according to 
0. Matter by combining various diazotised amines with 4-nitro-l- 
naphthol. Tht'y can be used as })igments or can be produced on 
cotton by the Para Bed method.^^^ A general claim is also made 
for azo dyes from,other nitronaphthols, such dyes being produced 
on the fibre, or in bulk.^^^ 


TRtPHENYLMETnANE DyES, 

This group of dyes w as one of the earliest to be discovered, and 
after a period of intensive development progress in it appeaced to 
(;ease for a while. A revival took place when the mordant dyes of 
this group, containing salicylic or cresotinic acid, b^^gan to attract 
attention and the flow of patents began once more. These mordant ’ 

G.P. Appl. F.48,683. 

“•U.S.P. 1,429,781. 

““U.S.P. 1,429,782. 

”‘U.8.P. 1,434,619. 

G.P. 366,168. 

G.P. Appl. M.65,684, M.66,667i 
^ «« G.P. Appl. M.67,824. 
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triphenyltnethane dyes arc generally characterised by great bril- 
liance of tone, and by giving violet to greenish-blue shades. It is 
their brightness which has given them utility, for they contrast 
strongly- in this i‘es])ect with the conijiaratively dull azo-iiiordant 
colours. Unfortunately, th('y have tl)(‘ drawback of looseness to 
light, which is, broadly sjieaking, a defect of the whole group of 
triplienylnietlume dyes. J. Schmidlin and Cassella u. Co., in a 
series of j^ateuts, tlu^ first of which appc^ared about the beginning 
of the war, claim to liavi? made an im])o?'tant advance with regard 
to light-fastness in moidant dyes derivial from an aromatic alde- 
hyde condensed with twx) mols. of salicylic or cresotinic acid, the 
novelty consisting in tli(' use of a highly chlorinated aldc'hyde, e.ffi, 
tetrachlorobenzakhiiyde.i''*'* Outstanding milling fastness and 
purity of tone are claimed for the dyes made from 2.4.5-trichlor4)- 
benzaldehyde.^'*^’ The chloro-aldehydc's an^ obtained by chlorinat- 
ing toluene, using an iron catalyst, fractionating until th(' reipiired 
clilorotohiene is sufficiently ])ure, tlnui chlorinating the side chain in 
ultra- violc't light. I’he resulting polyclilorobenzal chloride can*i)e 
converted into aldehyde with sulphuric acid or can be condensed 
direct]}^ wfitli cresotinic acid. Analogous dyes have been obtained 
from halogenat(‘d xyknies."*'” 

A modificatioii of the aurine-tricarboxylki acid tyj)e of mordant 
triphcnylmetliane \lyes is introduc(‘d by the firm of Durand et 
Huguenin. In this case the dianilide of a m(dhyiene-di-o-h3^droxy- 
carboxylic acid is (;ondens('d with salicylic or cresotinic acid. The 
anilido groups permit the introduction of sulphonic acid groups, in 
which case dyes are obtained of particukr value for chrome- 
printing pinposes, being fiion; vivid, intense, and fast than the old 
Chrome \nolet.^^** In a later patent the simple diarnide of methyl- 
ene-disalicylic acid is condensed with salicylic or cresotinic ^cid. 
Sulphonation is not necessary in this case in order to obtain useful 
dyes. Greater fastness is claimed than in the Siso of sul})honated 
anilides.^*® ^ 

A new departure in the shape of trinaphthylmethane dyes which 
arc anflpgous to the aurines has been made by the Soc C’hcm. 
Ind.^in Bask\ Thest? dyes aie formed by the action of carbon 
tetrachloride on a-napbthol or l-na])hthol- 2 -carboxylic acid m the 
presence of cajistic alkali.^ Subsecpient patents help to clear up 
the course of the reaction, for it is found that whcai carbon tetra- 
chloride reacts on 1 -naphthol- 2 -carboxylic acid, in addition to the 

“'^TJ.S.P. 1,428,984. 

G.P. 363,290. 

G.P. 344,900, 360,414, 364,730. 

138E.P. 166,530. 

“9E.P. 183,123. 

i«E.P. 172,177. 
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lyesluff, there care also formed 4.4'-diliydroxy-3.3''dicarboxy-l.l'' 
iin<aphthyl ketone anjl l-naphthol-2.4-dicarboxylic acid.^*^ Ali- 
ihtatic alcohols have a powerful influence on this reaction. If 
ilcohol is ])resent wJien (;arbon totrach bride acts on a-ifaphthol 
liere are formed estcu-s of 1 -naphthol-I-carboxylic acid, and 1- 
iaphtliol-2.4-dicarboxy]ie acid, as well as 4.4'-dihydroxy-l.V-di- 
laphthyl kedone.^^- A furtlier dcwelopment of the invention refers 
!().triua])hthyl- or dinajditliylphenyl-metliane dycjs obtahied by 
’(‘acting with a jihcaiyl- or na[)hthyl-chloroform on an a-naphthol 
IcTivativc having a free' 4-])Osition. The dyes from 1 -naphlhol*2- 
^arboxylie acid (e.g., by ivacting with benzcjtriehloiide) are par- 
igularly iut<*resling, lubig ehrome-grca'ns fast to milling and 
)ottiugd“^'^ In this i‘(‘action ;ilso th(‘ intermediates iirst formed can 
>(g isolated : thus bcaizotriehloride forms with 1 -naphthol-2-car- 
)o\yli(‘. acid th(‘ 1 -phenyl-keton(‘-4-hydroxynaphthalcne-3*car- 
,)()xyli(; aeid.^*'^ '.riic' lattca* can be decarboxylated by heating with 
i diluent to give 4-liydroxynaplithalene-l-phenyl ketone. Similarly 
he prc'viously mentioned dihydroxydic^arboxydinaphlhyl ketone 
jjKts 4.4'-dihy(lr()xy-l .1'- dinaphthyl ketone.^^’^ 

The wc'lJ-known ' ketone ” synthesis of triphenylmethane dyc's, 
iithc'rto generally limited to the ketones frenn tertiary'bases, has 
been (‘xteiuled by J. lladdiley and K. H. Rcjdci (British Dyestuffs 
brporation, Ltd.) to kedones derivcal frenn mondtilkybo-toluidines. 
rims the kcdonc' d(‘riv('d from monocdhyl-cutoluidine by cemdensing 
t with formaldehyde, sulfihurising the methane base ’’ thus ‘ 
ormed, and linally hydi'olysing the thiokcdonc', is condensed with 
secondary and teitiar}^ amine's to give a sc'ries of bright basic dyes 
rom whicdi, in certain case's (e.c/., when beifzyl residues arc present), 
void dyt's can be jirc'parc'd by sulphonation. These latter are 
ic'iier^lly level-dyeing wool viok'ts, tending to the rc'd side.'^'^^ 

) In OK join Dies. 

In connexion willi indigo itself, the nmst notcAvorthy publication 
)f the year is that of a new indigo-efyeing process and of new 
iroducts for tliis purpose. As the chemistry of indigotin Avas 
'ladually unfolded after the; first synthesis, attempts were made to 
mproA^e the (uimbersome vat-dycing process. A. v. Baeyer’s 
wiginal synthesis Avas made use of by the Badische Co., who put 
>-nitro])henylpropiolic acid on the market for use* in printing. 
Vnother product Avas Kalle’s Indigo Salt T, o-nitrophenyllactic 
and methyl ketone, also u.sed for printing. A further attempt 

E.P. 195,513. 

^«E.P. 111,009. 

U.S.P. 1,400,315. 

G.P. 378,908; E.P. 203,824. 

G.P. 378,909. 

''*«E.P. 189,295. 
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was made by the Badische Co. in their Indophor process, which 
made use of indoxylcarboxylic acid, this being printed and then 
converted into indigotiri by passage t]irough^an acidified solution of 
ferric chloride. 

All these processes, and many others that were proposed, failed 
for one reason or another, but generally on account of the 
low yield of indigotin eventually obtahied as a result of per- 
forming what practically amounted to a synthesis on the fibre. The 
firm of Durand et Huguenin now claims to have found a solution of 
the problem in the use of enoUc esters of leiico-indigotin which are 
formed by the reaction of acids with Ihe -OH group of the leuco- 
indigotin, for instaiiee, the compound 


NH 


/Kir, 

\c/ ‘ 


HS(),() OSO,H 

which is obtained by the action of sulphonating agenls, e.g., chloro- 
sulphonic acid, sodium chlorosulphonate, or obnim, onli^uco-indigotin 
in the presence of iv tertiary base such as i)yridine. The new estels 
are used in the form of neutral salts, e.g., sodium salts, in which 
form they'are easily soluble, stable against oxidation, and can be 
applied to textiles by either dyeing or printing methods. After 
impregnation tlm\lye is develoj>ed by hydrolysis or by oxidation, 
for example, by ])assage through ferric chloride or bichromate 
baths. It is claimed that the conversion to indigotin is almost 
quantitati\X‘. TIk* new j)roces.s looks veiy attractive from the 
point of view of the calico ]U'inter or of the wool dyer who is not 
equipped with special ifidigo-vat plant. The invention is stated 
to be applicable to othe r vat dyi^stuffs besides indigotin.^ 

T. Posner and G. Pyl de.^cribe a new violet -red vat dye obtained 
by the action of malonic ester on indigotin, for which the following 
constitution is siurgested.^ ’'' 

^ Vh 
/ ' 6*^1 

By treating o-tolylindigotin with nitrous gases in the jiresence of 
ether, T. Posner and W. Heumann have obtained dinitrosodi- 
hydroxydihyclrotolylhidigotin. m-Toluoylformic ester is produced 
if the reaction is carried out in alcohol instead of etluT.^*® 

K. Kunz has described complex copper, zinc, and nickel comr 
pounds of indigothi which contain two molecules of indigotin in 
combination with one atom of metal. These are formed by heating 


CoH/ 


E.P. 186,057, 202,030, 202^632, 203,681. 
1923, 66, 31. 
i«J5er., 1923, 56, 1621. 
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iiidigotin with tlie metal powder in an indifferent solvent. The 
substances are highly unstable towards acids, but very resistant to 
alkalis. Complex compounds are also formed with alkali metals, 
which are extremely easily converted back to indigotin by water. 
Thioindigo also undergoes this reaction.^^® 

The fermentation indigo vat is still largely used in the East. 
Meister, Lucius, u. Briining has a patent for ensuring its more 
regular action by the use of selectively bred strains of bacteria.^®^ 
The thioindigo dyes have been the subject of an interesting 
scries of patents by R. Herz and Cassella u. Co., originating in the 
discovery of the ])eculif»r reaction between the salts of primary 
Amines and sulphur chloride (SgClg).^®^ This subject has been 
rcf(‘iTed to in a ])rcvious report,, but the publication of the German 
patents now helps to make the matter a little clearer. Whatever 
may be the coiLstitution of the new condensation ])roduct, it is 
easily dccomjiosed into an o-aminoarylniercaptan/®^ from which it 
ii^clcar that the substance obtamed from it by the action of alkali 
and chloroacetic acid is an 9-aminoaryltliioglycollic acid,^^* 
2 .R .S H -> NH 2 R S .CH o.COOH. This siAstancc is diazotised, 
and converted to the nitrile, which on treatment with sodium 
sulphide or hot alkali forms a ring compound. The latter loses NH3 
and CO 2 when heated with dilute acid and the leuco compound of 
a vat dye results. This is oxidised by air or oxidising agents, 
such as ferricyanide, to the dyestuff. 

The dyes obtained as a r(‘sult of this series of reactions at*? 
stated to be different from the dyes of the thioindigo series, being 
brighter and faster than the latter. Thejdye obtained from aniline, 
for example, is yellower in shade and faster than Thioindigo Red, 
while the pink dye from o-toluidine is stated to excel all known 
pinlf vat-dyes in ])urity and fastness.^ ?/?-Xylidine gives a bluish- 
pink dyestuff possessing even better properties than the dye from 
o-toluidine.^^® * 

Ortho- and j)am-aminophcnols pass lihrough the series of reactions 
outlined above, but in this case it is recommended to convert the 
aminoarylthioglycollic acid into its anhydride by treatnjAit with 
mineral acid, and brominate it in this form. The bromo comjjound 
is then converted through its diazo, nitrile, etc., to a vat dyestuff 
<as before. ^?-Phenetidine thus gives a scarlet vat-^ye.^” 

Der., 1922, 65, 3088 ; 1923, 56, 2027. 

E.P. 205,834. 

300,690, 367,344, 367,345. See also E.P. 17,417 of 1914, and 
Ann. Repta., 1921, 6, 109. 

G.P* 367,346. 

G.P. 364,822. 

G.P. 367,493. 

G.P. Appl. C.27,367, 0.27, 408. 

“’G.P. 371,268. 
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How tlu* ii(‘w dyes can differ chemically from the corresponding 
thioindigo dyes imKle hy the older processes is not clear ; in fact 
it would a))pear that the diffcTcnees o])served aie essentially a 
matter purity of the tinal product. 

Dyes deprived from /3-thionaphthisatin are described by the Soc. 
Chem. Jnd. in Jhislc. This substa.nee is ])u\d(' by condensing 
^-thionaj)hlhol with oxalyl chloride. Jt condimses A\ith cyclic 
eom])ounds eontaniing a r<‘activ(* methylene group to gh^(‘ vat dyes ; 
thus with oxythionnphthciu' it gives a red, with ijido.xyl a vioh't. 
with ]}henyliuethyl] pyrazolone a brown, witli a-naphlliol a grey. (‘te. 
The new dyes may l)e brominated.^^^ 

JVew dy(‘s of the indirubin scih's haa(‘ i)een o})tained Ipy 
.F. Bay(‘r u. Fo. by condensing 2. l-na]»htho-o\yl]iio])hcne with 
isatin or an e(iiii\al('ii1 cyclic o-diketone. For example' the' dyestpff 
.(’<K .CO. 


is stated te> be a br4)wn, fast to liglit, washing, anel eldeirine.’’'** 
Thioindigo dyes which l>ave' thiopiiene' re'sidues ef)mbiuf'd 
twice eni aN:*('ntral iiaplithalerie ring are eebtained by Kalle u. (\). 
from na]>hthalene-dithioglyce)llie ae ids i>y (‘on\ertir.g them te) 
naphtha le'ne'-bisox5thio])h(‘nes, e/j.. 



, O’ ~’s ^ ' 

A\hich art' then condensed with cyclic o-diketenie's ; thus o-cldoro- 
isatin gi^■es a brown vat dye.^*^® ^ 

Vat (ly(^s analogous to Alizarin-indigo but deriv(*d from naj)hth- 
isatin, c.e/., by condensing it with a-naphihe>l *)r a-anthrol, when 
chlorinate'd with sulphuryl cldoride undergo a deepening of shade. 
Thus, F. Bayer u. Co, elaiiu}^ to obtain a deep bluish-black vat dye 
by chlorinating the condensation product of j5-naphthisatin chloride 
and a-affthrol.^^^ 

ItSvill bo noticed that apart from the new indigo dyeing process 
and the new^ light on Cassc'lla’s sulphur cldoride reaction, the 
^technical interest in the indigoid group of dyes is maintained almost 
entirely by the naphthisatin developments. One other patent has 
appeared during the year which should be mentioned, though the 
dyestuffs described are probably of a hybrid character and may 
contain other nuclei than those of an indigoid type. 

“»E.P. 180,859, 189,782. 

198,415. 

E.P. 202,734. 

»«E.P. 205,790. 
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Kalic u. Co. ottaiii a blue vat dye by the alkali fusion of the 
eondensation product of naphthalic anliydride and oxindol,^®^ i.e., 


Anthraquinonk Dye.s. 

A new jnoccss for tin; ])iirification of raw anthracene' by crys- 
tallLsatio}! from an alkylated aromatic amino (c.r/., dimcthylaniline) 
is claimed by J. Michael & (/o. to give pure anthracene of m.p. 
in one ojaTation.^"*" 

The newer melhods of ])reparing anthrae^uinone by catalytic 
oxidation arc referred to unde'r “ Catalysis/’ A. Wohl and the 
iJarrett Co. still continue to publisli patent.s connexion with the 
vanadium process, while the Chem. Kabr. Worms A.-C. is mte- 
rcsted in the oxide of nitrogen process. 

•By acting on antliracenc with chlorine and pyridine H. Hopff 
igid the Badische Co. have obtained t).10-dihydroanthraccne* 
dipyridinium chloride. 'This substance loses p'yfidirK' and gives pure 
anthrono on boiling with wab'r.^^** 

K. de B. Barnett, M. A. Matthews, and J. W. Cook have described 
methods for the pr(‘]jaratiou of anthrone, diant^rone, dianthranol, 
dia7ithrariumoii(‘, and dianthranyl derivatives. A series of chloro- 
anth rones have been prc'pared in a pure state by reduction of the 
corres])onding eliloroanthra(|,uinones. The chloroanthrones were 
oxitlised t(> diant hroiies, but only in certain cases could they be 
reduced and undergo ])inacol condensation to give dianthryl deri- 
vatives. The first action of nitric acid on anthrone and anthranol 
derivatives is an addition at the bridge ” bond, with subsequent 
change to a dianthrone or a nitroanthrone ; thus in the case of 
a7)thranyl ethers.^ 

TOH IIOCOK (!() 

<'oH tVl 

OH HC'NO, Hd-NO. 

riu' formation of dianthrone is due to d(‘alkylation and oxidation. 

COK coil CO 

cTl CH CH 

I 

CH 

CO 

G.P. 366,097. 

G.P. Appl. M.75,440. 

»”G.P. 381,180. 

Chem. Soc. Trans., 1923 , 128 , 230 , 1994 , 2549 , 2631 . 
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A. G. Perkin and his collaborators are engaged in a systematic 
study of the reduction products of the hydroxyanthraquinones. 
Several of the latter have been reduced to hydroxyanthracenes, 
' using arf aluminium-mercury couple and ammonia. Anthragallol 
was reduced with stamious chloride to an aiithranol, which may 
have the constitution of 1 .2.3-trihydroxy-9-aiithronc.^®® 

The disulphonation of anthraquinone is inefficient, because in 
addition to the required aa-disulphonic acids, quantities of 
useless ajS-acids are produced. J. Thomas and Scottish Dyes, Ltd., 
propose to hydrolyse these with acid (in the presence of mercury) 
and thus recover the useful ^-monosulphonic acid.^*’’'^ 

Salts of anthraquinone.sulplionic acids with arylamines and other 
bases are described by A. G. Perkin and W. G. Sewell. These salts 
crystallise well and are generally s]>aring]y soluble. Their use Is 
suggested for the ]nirilieation and separation of the isomeric 
anthraquinonesul])honic acids and also for the analytical control 
of the progress of sulphonation.^®* c 

The preparation of l-cliloro-2-acylaminoanthraquinone by the 
action of sulphury! chloride on /3-acylaminoanthraquinono is 
patented by K. Kopetschni.^®® The same author has claimed the 
production of a- and jS-nitroanthraquinones by oxidising the cor- 
responding aminesfby means of persul])huric acid.^’® 

In connexion with the amidation of a-anthraquinonesulphonic 
t.acid to a-aminoanthraquinone the Soc. Chem. Industry in Basle 
claims the use of a .sulphonic acid of an aromatic nitro compound 
as oxidising agent The same firm patents the manufacture of 
2.3-diaminoanthraquiiionch by heating 2-amino-3-bromoanthra- 
quinone with ammonia.^^ 

j3-Chloroanthraquinonc has been synthesised from })hthalic 
anhydride and monochlorobenzene. H. Dodd, W. C. Sprent, and 
the United Alkali Co. now find that o-dichlor(?benzene gives the 
same product, one chlorine group being displaced. ^^-Dichloro- 
benzene is not acted upon under the conditions employed 
4 ^ Hydroxy -1.2- dimethylanthraquinone has been synthesised 
from phftialic anhydride and 4-o-xylenol by A. Fairboume and 
J. Gauntlett.^^^ 

A new reaetjon of wide application has been discovered by the 
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Soo. Chem. Industry in Basle, aminoanthraquinones being con- 
densed with halogenated derivatives of 1.3.5-triazine, e.g., cyanuric 
chloride. The new products contain more or less chlorine, accord- 
ing to the degree of condensation, the end products of the reaction 
being free from chlorine and constituting vat dyes. Thus a-amino- 
anthraquinone gives with cyanuric chloride a yellow dye, and 
with 2. 4-dipheiiyl-C)-chloro- 1.3.5-triazine a dark orange, while 
4-amino-2.l-anthraquinoneacridone gives with cyanuric chloride a 
greenish-blue dye. A v('ry wide range of examples is given in the 
patent.”^ 

The condensation of^ aminoanthraquinones with the sulpho- 
cWoride of salicylic acid is patent'd by J. Baddiley, W. W. Tatum, 
and the British Dyestuffs Corporation, Ltd. The products 
oMained are acad dyes which dye w'ool in bright shades, fast to 
milling and to light, and which may bo aft (‘r- chromed with a 
little increase m fastness. The new dyes also show good af&nity 
for acetyl silk.^"® 

^Tho only othei* discovery relating to acid dyes of the anthra- 
quinoiie st*rii's published during the past yeards that of F. Bayer 
u. (Jo. for the production of blue to black wool dyes, by sulpho- 
natiug amino- or alkylaminodianthraquinonylamines. For 
example, 4.4'-diamino-a.a'-dianthraquinonylamine on sulphona- 
tion gives a ])roduct stated to dye wool bluish-grey shades, fast to 
light and milling.^"'^ 

A new method of amidating dibenzanthrone by treating the 
latter with hydroxylaniinc has been discovered by the Badische 
Company. The new aminobenzanthroneg} do not dye green, like 
the amino compounds ])reviously produced by nitration and 
reduction of dibenzanthrone, but dye in grey to blue-black shades 
from the vat.^’^* 


New derivatives! of benzanthrones, obtained by condensation 
with aromatic acid chlorides, are patented by Meister, Lucius, u. 
Bruning. Thus benzanthrone gives Vith benzoyl chloride an 
orange-yellow vat d 3 ^e having possibly the constitution^’® 
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”«E.P. 201,610. 

E.P. 201,676. 

. «»E.P. 204,241. 

• E.P. 206,602. 


xX 

li 

() 









J20 


BErOftTS OF THE PEOGRE^S OF APPLIED CHEMISTRY. 


The BadLschc Corn])aiiy has discovered tliat the conversion of 
benzanfchrone and its derivatives to dibenzantlironos can be 
made to take place in tv'o stages. The inferinediate compounds 
are formed by mild action of alkaline coudensing agents 
(alcoholic i)otash. sodium anilide, etc.) and are not dy(\stuffs, 
but can be converted to the known dibenzanthronc ^’ai dyes by 
heating with (Condensing agents. If the latt('r have also a halo- 
genating action, r.f/., feriic chloride, halogenated vat dyes lesult. 
tf fuming sul])huric acid is used sul])honated ])roducts (can 
be obtained dibenzanthronesulphonic acid) which are eoji- 
verted by oxidation followed l)y mild reduction to substanc(N 
giving greenish- l>lu(‘ vats from whicli (‘(Vtton is dyiTl in gre^u 
shades.^ 

The Badische (\)mpanv also has a ])atent for eomhnising 
aldehyde or (‘(piivalent substance with tlu* ])roducts obtaiiuil 
from dibenzanthronc by oxidation followed by mild reductioti 
(hydroxydibenzanth rones). Tin* jirodncts described arc ri'ddLsh- 
blue vat dyes.^^^ 

A. H. Davi(*s, K,‘ F. Thomson, J. 'J’homas, and Scottish l)y(‘s, 
Ltd., have Kin interesting patent covering' a scri(‘s of alkylated or 
acylated hydroxy (kcrivatives which is an ('xtcaision of their earlit'r 
patent^®^ for vat obtained by alkylating hydroxydilienzan- 

tlirones. The h yd I'oxy- com pounds covered in tin* ])res(*nt jjatent 
« are defined generally as being deriv(*(l from ’ k('totnc-])erylenes '* ; 
that is to say tln^y are the oxidation products of dibenzanthrone, 
isodibenzanthroiu*, dinn*thyldibenzanthronc, dinaphthodibenzan- 
throne, and dinaphthalimiile, all of wiiich contain the peryJene 
ring system. TIh*s(‘ oxidation jnodinhs an* converted by mild 
reduction to substaim(*s which are themselves vat dyes, and 
Avhich can bo madi* still mon; valuabh* by alkylation or 
acylation.^®® ^ 

Attemjpts have rec(aitl,\^ been made to develo]) technical 
methods for the manufacture of perykme itself, and tous(‘ it as an 
intermo^liate in thi* manufacture of vat dy(*s. According to the 
claims ol jFJ. JVreira, the starting ]H>int is ,^-dinaphthoi (2.2'-di- 
hydr?)xy-l.F-dina])hthyl) or its alkyl ether; this is treated with 
ring-closing agents to form 1. 1 2-dihydroxy perylene,'®^ which is 
• then converted into perylene by energ(‘tic r(*duction, for exarniile, 
by heating with zinc dust.^®'' Veryl(*ne may be convert(*d by 
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oxidation i)y ouVans of chromic acid into ‘hlO-pcrylcnc-t^iiinonc. 

The whole s(Mies of reactions is illustrated as follows - 

. « 
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• jx'iyh'iM'. (jiiliioru*. 

Th(' 3.1n-ju‘iylen( -([uinoiu^ can also h(‘ obtained directly from 
4.4'-diliydroxy-l .r-(lina])hthyl by ring closure, and air oxidation 
of the rc'sultiug .‘M()-diljydroxyp<M'ylene. This ([unione dyes cotton 
y('llow from a rc‘d vat.’^*^ It is (*laim(‘d that its ebloro-derivative 
d^es cotton in shades which are greener and brighter thaji the 
jjj’eviously known V)romo dei*ivatives4^’ 

Another vat dyi* giving brown to black shades on (‘otton is 
stat(‘d to b(‘ obtained directly f?‘om 1 .2-dihydroxypcrvlene by 
means of a polysulphide mclt.**^** 

LViylene-cpdnone can b(‘ mono- and di nitrated, and the 
dinitro c-om])ound is stated to dye cotton in violet shades from 
the vat4^‘' 44ie ainino])erylene-(piinon(‘s obtained by reduction 
of the niiro compounds are also stated to l)e vat dyCvS, the 
diainino giving violet shades and th(‘ bromodiamino violet shades 
w ith a brown tingt*4 Mor(‘ valuable products result from acylating 
the amino])erylene([uinones ; thus the monoben/.oylamino derivative 
is stnied to dye cotton ])ink, while the bromodiaminoj)erylene- 
({uinoiie benzoylates to give a r)roduct dyeing " coi^per-bronze *’ 
shades4«i • . n 1 1 

A"(;w vat dyes giving red to blue-violut shades have been obtained 
by Kallo u. do. from pcuylenetetracarboxylu; acid by heating it 
with ammonia, or aromatic or aliphatic amines. "Jlie resulting 
imides ar(‘ intensidy (loloured in contrast with the comparatively 
weakly coloured (orango-yellowO tcdracarboxylio acid.^^-* 

Vat dyes of the anthra^uinone series containing* sul[)hur have 
been rather to the fore during the period under j-eview. Cassella u. 

“«E.P. 20G,i:u. 
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Co. have obtained vat dyes ranging from yellow to blue-black by 
sulphurising the azomethines derived from anthraqninonc-2- 
aldehydcs, for example, the compound : — 




gives an orange dy(j; tJic azonicthinc' from benzidine and 2 mols. 
of anthraquinonc - 2 - aldehyde a brownish - yellow, bec^oining pure 
yellow on chlorinating ; the azomethine from p-])hcnylenedianiine 
and 1 - aminoanthrafpiinonc - 2 - aldehyde a violet, etc.'®^ The 
products are doubth'ss thiazoles. Th<^ process (‘an be siTuplified by^ 
avoiding the intermediate formation of the azomethim' and h(‘ating 
the mixture of an w-halogen derivative of 2-methylanthra((uinonc 
(e.g., the w-di- or trichloro-derivative) with an aromatic amine aiftl 
sulphur.^®'^ A further simplification is the use of 2-methylanthra- 
(jjuinono itself, heated simply with sulphur a)id an amine, /ediamines 
apparently giving the most useful dyes ; thus 2-inethylanthr^- 
quinone and benzidine by heating with sul])hur give a reddish; 
yellow vat dye.^^^ * 

According to another invention of Cassella u. Co., vat dyes are 
obtained by heating, abme or with solvents, th(‘ azomethines 
formed from anthraquinonc-2-aldehydes and o-aminophenols or 
o-aminothiophenols. The dj^estuffs are probably ox azoles in the 
former case and thiazoles in the latter. The thiazoles are ap])arcntly 
identical with the dyes obtained by sulphurising azomethines as 
in the previous paragrajdi. As before, the most Vidinii)h dyes are 
those derived from p-diaifjinos, through their di-o-mencapto deriva- 
tives. For exampl<‘, from anthraquinone-2-al(lehydc and the 
substance 

^ HS SH 

(which may bo obtained from benzidine by the action of sulphur 
monoeWoride) dyes are obtained which are similar to th(jse resulting 
from the sulphurisation of the condensation ])rod\ict of anthra- 
quinone-2-aldehyde and benzidine.^®® 

Thiazoles w{tich are isomeric with some of thos(‘ obtaijied accord- 
‘ ing to the above })atents are described by the Badische Company. 
They are yellow vat dyes and are obtained by condensing 1-mer- 
capto-2-aminoanthraquinone with an aromatic compound con- 
taining as substituents in its molecule at least two reactive carbon 
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atoms. For example, 2 mols. of l-mercapto-2-aminoanthra- 
quinone and 1 mol. of^terephthaloyl chloride give^*^ 


Nc CoH. c/® ' 


A scries of new vat dyes lias been obtained by the Soc. Chem. 
Industry in Basle by condensing jS-naphthoquinono or its deriva- 
tives with a-aminoanthraquinone or aa-diaminoanthraquinones. 
The products condense readily with o-diaminoanthraquinone to 
give vat dyes, e.g., j3-naj)hthoqiiinone is condensed with a-amino- 
aittlnaquinone and tlie pioduct further condensed w ith 2.3-diamino- 
anthraquinone, thus : — 


NH<h4H7() 

/v 

I 

=0 


o 


NHC14H7O 

/\/\ 

- I 

^ \Arn/\. 




The ]ir(xluct illustrated dyes bordcaux shades.'*® 


The looseness to chlorine of ordinary Indanthrenc Blue appears, 
according to a patent of the Badische Company, to be due to the 
presence of impurities. A dyestuff free from these impurities, and 
fast to chlorine, can be obtained by starting out from j3-amino- 
anthraquinone which has been purified by fractional precipitation 
from solution in strong sulphuric acid. Alternatively, Indan- 
threnc Blue made from the ordinary quality of jS-aminoanthra- 
quinone can be purified and made chlorine-fast by fractional pre- 
cipitation from sulphuric acid solution. Another method of 
eliminating the objectionable impurity is by prolonging the caustic 
potash fusion of j3-aminoanthraquinone.^®® 


Quinone Vat BVes. 


Tliis new class of dyes originated about 1911, and w^i& just 
beginning to be knowui when the war broke out. The v{prk 
commenced with the patent of R. Lesser (purchased by Meister, 
Lucius, u. Brtining) for using as vat dyes the quinone-aiylides, such as 
dianilinoquinone (dyes yellow) and dianilinonaphthoquinone (dyes 
red).^ This discovery was rapidly developed by Meister, Lucius, 
u. Brtining, and a stream of patents began to pour out, 

the main object of which was the improvement in the shade 

• 
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and dyeing ])iopeities of the simple quiiione-anil'ides, generally by 
treating them with stil])hiirising agents. 

The eonstitiition of tlie new dyes is not quite certain, except in 
the ease'of tiu' simplest members of the seri(‘s, the tpiinone-anilides, 
of which a ty])ical (‘xam])l(' 

() 

c'l; "xir, M'l 

(> 

The dyes made by sulphurising the qubmne-a nil ides - pi-efera})ly 
containing halogen groii])s hi the (|uinon(‘ residues) an' ])robal/ly 
thiazine-quinones A typi(*al case is the product of tlu' action of 
sodium isulphidt' on tlu' dianilide <>l di(‘hlor()«[uinone, and it m%iy 
have the constitution-*'- 

() 


• ' S \NH ' '' 

(> 

The sulphurisat ion, according to the examph's given in the jiatents, 
is probably not v’f ry far-rc'aching as compared with tlu' (‘as(' ('f the 
ordinary sulphide dyes. At the sanu' tiiiv', tlie ultimate sliade and 
dyeing propeith's of the new' dy(‘s an' intluc'need liv tlie conditions 
of reaction, from which it would apix'ar that, lik(' the sul])hur 
dyes, they are not ]»('rfectly homogimeous, and thc'ir ‘hemistry 
must be discuss(‘d w <th laution. 

Alternative uudhods of ])re[)aratiou wdiieh have Ix't'n patentixl 
appear to confirm the thiazinenpjinone eon.stitutiou ; for example, 
dyes very similar to the sulphurised chhiroquinoiu'-anilides ar'c 
obtahied by the action of arylamines on (luinOiu' ihio-derivatives 
such as* the thiosulphonic acids, mereaptans, and th(' di([uino- 
siilpbides and disulj)hides.'“^^’^ The shade of the dyes obtained in 
this can be improved (/.c., intensified) by further treatment 

with an arid (concentrated sulphuric acid) or an acid reducing 
agei\t.204 

The dyes ajready n'ferred to all come within the yellow to brown 
* range of sliades. An extfnsion in the direction of black is described 
in a reernt ])ateut of .Aleister, Lucius, u. Bruning, in which the m- 
and ^nnitroanilidcs of benzoquinont' or halogr'natcd henzoquinone 
arc sulphurised. Tims the condensation product of w -nitroaniline 
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Lud chloranil gives brown-grey to green-grey dyes, according to the 
londitions of siilphuri^aiion/'^^^^ 

Latterly tlie same firm has included naphlho(iuinoiTes within 
he sco])e of this series. It has been found that whe]i 2.3-?iichloro- 
.4-naphlho(|uinone is (‘ondensed Avitli anilinr* and the jrroduct 
reatnl with sodium srdphide, 2-phen3damino-3-m(*rcapto-1.4- 
ia]>hthoqiiinon(‘ is foriiu-d. Jhis nuTcaptan readily oxidis(‘s in air 
o form f)(‘nzona])hlho-p-thia/4n(*-cpiinone.“‘^‘' 

The new dyes are ])articularlv adapted lo the dyeing of wool 
rom th(‘ hydrosid]))iiT(‘ vai. and certain marks (4 llelindone Yellow 
nd Broun may helong if) ihis class. Trouble seems to have been 
!ii^ount(M'(‘(l on af'count ot had \attinii pro[)erties. however, and 
nany of the laltu* ])ateiils of Mfustcr. Lucius, u. Briining have 
e^Tcnce lo easily ap])licd leuco-pre])arat ions.-*’" Th(‘ ])i'oduction 
)f stabl(‘, dry ])re])arations of mixed 1 (mi(‘o com]>ounds of one or 
>thcr of the muv \at dyes, tog(‘lh(‘r with leucoindigo, ap})cars to 
K' ])artiouiarIy inten'sting. I’Ik^ combination shades produced by 
alcfi mixtiiif's may rangi' from green to Irlack. A successful vat- 
)lfick rbi' wool vould compfde with the eln^>me blacks which 
rave hitherto hfdd undisputcfl swav in the (lv(‘ing of fast ])lacks 
)u this tihiv.*-^"^ 

An expansion of the (juinone vat dyi^s literature' oji liiu's more or 
ess similar to those f>riginally followed by Master, Lucius, u. 
h’linhig is now taking ])lacc at the instance of other colour linns, 
lassclla u, Co., for example', conde'iises a (juinone eer a hale^ge'iiated 
piinone with an f/-arylamino-m<‘i'ca()tan ejr an ce]uivale‘nt thereeef, 
.uch as an o-aminoarylthi()sidphe)nie* aeud, an o-diaminodiaiyl 
lisulphide, or one e)f the produeds of the itovel re'aedion e)f sulphur 
■hloride on an amuic discovered by C'assella n, (V).-*’*’ The pro- 
luejts 4 )btained dye wool brow'ii from a hj^drosulphite vat. From 
heir mode of feermation they would be* exj)ecteel to be closely 
■elated in const it utte)n te) the dyes de^scribed earlier by ^leister, 
jucius, u. ]frtining. The jiateuit (a)vers the feiidher treat^nent of 
hese products w ith pe)lysulphid(‘, in which case true sulphide dyes 
ire obtained, /.c., the'v dye cotton from a sodium sul])hide Uath m 
shades ranging from red to black.-^*’ * 

The products e)bt aim'd fF'om the arylamides of o-epiinones dfifer 
rom those discussed abe)ve'. Ca.sselki u. Ce). have obtained from 
?-naj)iithoquinon{', ('ithei* by condensing it with an*o-ammoaryl- 
nercaptan or alternatively by suljdnirising its arylamide, dyes 
vhich give comparativi'ly uninteresting shades wlu'ii dyed on wool 
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from the vat, but which turn to very fast shades (green) when after- 
chromed. These dyes may have a simple thiazine structure, e.g., 


OH 


I I 

1 ii " 
\/ 



and the o-hydi‘oxy group would explain the chroiniiig property 
In order to round off the review of this group of dyes reference 
should be made to the vat green obtained by the Badisciu* Company 
by simply heating a-naphthoquinone with water under pressure,^^- 
A new discovery by tl»e Akt.-Oes. f. Anilbifabr. can be con- 
veniently dealt with undei* the heading of quinone vat dyes, though 
w^hat the constitution of the new dyes may be is a matter for 
speculation. They are prejiared by condensing a 1.4-quinone 
which has a halogen group in the 2-position (e.r/., chloranil, 2.3- 
dichloro- 1 .4-naphthoquinonc, 2.3-dichloro-4-naphthasultaniquinone, 
etc.) with a ]dienazine or naphthaziiic having an -OH or -NH-SGa* 
group in a ^>am-])osition to one of the azine nitrogens, e.g., hydroxy- 
toluphenazine (frotn 2-hydroxy-5-methyl-l .4-b(‘nzophenone and 
o-phenylenediamine) or eurhodol (from 2-hydroxy- 1.4-naphtho- 
quinone and o-phenylencdiamine). I’he new products dye cotton 
generally in yellow shades from the hydrosulphite vat.^^^ 

It has further been found that the hydroxyphenazines or hydroxy- 
naphthazines mentioned above can be replaced by acridines which 
have an OH group in the jjam-posiiion to th(^ acridine caibon atom. 
For example, 2.3-dichloro-1.4 najdithoquinone when condensed 
with the diliydrc>xyacridine obtained from 3-ainino-l -naphthol and 
formakh'hyde gives a vat biwvn.*^'* 


Sulphide Dyes. 

Compai'atively few important novelties with regard to sulphide 
dyes have been announced in the literature in recent years. Accord- 
ing t5mn invcTition of the Soc. Chem. Ind. in Basle indophenols 
denied from p-aminophenols and monoalkyl -a- naphthyl aminos, are 
converted into sulphonic acids by treating them with bisulphite. 
The new sulphonic acids on treatment with polysulphide in the 
presence of copper give sulphide greens.^^^ 

A bright greenish- blue sulphide dyestuff is claimed by F. Bayer 

^G.P. Appl. C.28,29(), C.26,297 ; cj. K.P. 151, 000, and Ann. Repts., 
1922, 7, 103. t 
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ii. Co. to be obtafnecl by sulphurising the indophenol obtained from 
raethylbenzylaiiiline and quinonechlorimide.^i® 

Improvements in tlie manufacture of the carbazole-indophenol 
dyes (Hydron Blue) arc claimed by W. L. Galbraith, W. t/ewcock, 
and S. B. Tallantyre (Gas Light and Coke Co.), the essential 
featare of which is the formation of the indophenol from carbazole 
and nitrosophenol by bringing the reagents together at tem- 
peratures jiot exceeding -5"'C. The lower the temperature the 
purer the resulting indo])henol. In the case of the alkylcarbazoles 
the maximum tem])eraturc recommended is -10’’ C.^^’ 

The Soo.(!hem.Tnd. in^ Basle claims that the addition of benzidine 
Ims a favourable influence on the sulphur-melt ot carbazole-indo- 
])henol, a m‘w dye resulting which is more like indigo than that 
obtained from tin* (uirbazolc-indophenol alone.*'^^*^ 


Miscellaneous Dues. 

Halogcnat i( )n of acridine dyes has a beneticial effect especially 
on the shade.**^^^ A. G. Green, E. B. Adams, amd the British Dye- 
stuffs Corporal ioji, Ltd., have discovered that acridinium salts can 
be brommated in cold acpieous solution to give orange to scarlet 
basic dyes. Tlunse dyestuffs, when subjected to the action of 
acids or acid salts, arc again converted into other new products 
which upon dyeing exhibit a further remarkable change of colour. 
They produce in dyeing and printing shades of red far bluer than 
the original bromination products. 'Flus change also occurs during 
broniination if it is effected in the ]>rescncc of a sufficient amount 
of a mineral acid. The nature of the transformation has not yet 
been fully (‘lucidated, but it is believed by the patentees to be due 
to a •molecular re-arrangement involving a transposition from an 
or^^-quinonoid to a pam-quinonoid type.^*^® 

9-Aminoacridbie and its derivatives have been synthesised in 
various ways by Meister, Lucius, u. Bjuning.^^i 

A number of dyes analogous to the phthalems have been prepared 
by various investigators. A. Lapworth and J. A. McBefe have 
obtained resorcinolphenylsuccinein by condensing phenylsuQpinic 
acid with resorcinol.'-^*^- 

The condensation of diphenic anhydride with sesorcinol was 
found by F. Bischoff and H. Adkins to yield a product very similar 

^»U.S.P. 1,449,081. 

2"E.P. 201,624, 201,625. 

«BE.P. 499,360. 

G.P. 360,604. 

>»»E.P. 194,165. 

**1 G.P. 360,421, 364,031-7, 367,084. 

# 2® Chem. Soc. Trans., 1922, 121 , 2722. 
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foJiuorcsc('i]i and wJiicIrgavc a tetrabromo-coniponnd like Eosiii.^^s 
P.’j^robphtlialcin has been described by B. Oddo and E. Togna- 
echini. 

A iie^i synthesis in the azine group lias been (h'seribed by A. 
AVahJ, K. -Laatz, and tlie Soe. Anon, des Mat. Col. et Prod. CJiini., 
St. Denis: 4-iiJThiniin()-l-iirvliniino-2-niiphthoquinonc (sec ]>ag(* 
100) is oxidised i.i the ])resenc(‘ of aniline. Phenylrosinduline is 
stated to lie obtained in this way in nearly theondieal yield and 
pure enough to be sulphonat(‘d directly to Azo Caiinine.--'’ The 
reaction is cs follows : — 

/~\ 

\_/ 

( \ n , N ‘ C. I ts ^ J J 2 

() 

A nov(‘l ty])e of dyestuff is claimed by I. K. lA'hnistedt tt> l)e 
obtained from glj^cosiiK*. either by nitration and n'duction or by 
halogenation and aniidation.--^* c 

Dccaeycleiu' and dina])hthylenethh)])hene (the jiroducts of dehy- 
di’Ogenation of acenaphtheiie by means of suljihur) arc' stated by 
K. DziewoiiiSki to give acid dyes when sulphouated. 1die sul- 
phonic acids givotvat dyes avIk'ii fused with eauslii* alkalis.--' 
Anothew exam])le of a sul]jhonated iiydrcvcarbon which gi\es acid 
dyes having good tinctorial power is jirovided by F. Kc'hrmann 
and C. ButTat, namely, dibiplienylene-etiiane the su]])honic acid of 
which dyes wool and silk in shades similar to those given by 
Orange ]T.-‘® 

Ainer. ('law. Aar., 46, lOltO. 

Oazz. Chiin. JtaL, ]U2:t, 53, 205. 

E.r. 2()(),488. 

(t.P. Appl, L.r)3,0<)5, L.53,0l)7. 

(l.r. 37U,Ol(3, 385, n.K). 

Chhn. 1023. f, 055. 
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l‘Al*KK. 

By CHAULr<:s T)okke, 3f.A., D.Sc., FJ.C'., 

Chemi'^’nf Dejxititncnf, Boroufjh Pohjlrchnic Instifufc, 

Che year 102.3 lias been (‘.ic of .steady progre.ss in Ibe development 
)f*our kuovvk'dge of the chemistry and teelmology of textiles, 
larticidarly of those based njion eelliilo.se. On the ehemieal side 
th^work of th(' St. Anclre\\s school has finally resulted in a eon- 
ditutional formula for the eelhilo.se unit eompk'x and paved the 
vay to a future .synth(‘sis of eellulose. The Briti.sh Ootton Industry 
IW'Oaieh Association, on the other hand, has initial (sl a .series of 
regearehes into th(‘ ])hy.sical and teehnieal ((uahlies of the (aitton 
hair -the unit on \\hieh all th(‘ qualities of cotton a.s a .structural 
material are founded, which will ultimately }irove of the greatest 
technical value. Both sides, the (diemical and th(‘ physical, are 
of fundamental importance' ; yet it is interesting*to note in going 
through the literature that at present they are almost completely 
divorced from one another. A knowk'dge of tlu' ehi'inical con- 
stitution of cotton cellulo.se does not yet helj) in tlu^ manifold 
applications of the cotton hair, and an insight into the composition 
of lignin does not explain the qualiti('s «f AV(K>d as a stnedural 
material. 

(V)TT(>X. 

Haw Cation : Sv}q>1y amf Vn'pamtlon. 

W. R. Donop^ hffk considered the ])roblems eonnected ^ith the 
supply of raw cotton, pointing out that ^luring the past twenty-five 
years the consumption has been increasing at a greater j’ate than 
production, this being due partly to the declnie in the averagf croj) 
per acre in Egypt and America, and ])artly to the pink boll woru^ in 
Egypt and the cotton boll-wt^evil in tli<‘ States. The report of the 
British Cotton Crowing Association states that thy mimber (;f 
bales marketed by them from xVfriean and other FK)urces con- 
stituted a record both in number and value. It points (nit inci- 
dentally the increase in the consumption of home-grown cotton 
by American mills from 30% in RKll to 55% in 1922. It is satis- 
factory to tiote that the Council of the Textile Institute has 
undertaken 2 the promotion of the lilmpire Textile Conference at 

* J. Text. Inst., 1923, 14, 157r* 

^Uhid., 1923, 14, 169p. 
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the British Empire Exliibition of 1924. The scientific investiga- 
tion of cotton in the widest sense will undoubtedly take a pro- 
minent place in the deliberations of this Conference. 

The Jniversity of Manchester is co-operating with the Empire 
Cotton Growing Association in a campaign against the parasites, 
animal and fungoid, whicli attack cotton. As a beginning, ihree 
highly qualified investigators have been appointed to carry out 
research. 

The question of cotton grading in the United States is considered 
in several articles.^ Th(‘ United States Cotton Standards Act 
contemplates the issue of regulatioiLS (a) for the classification of 
samx)les with a view to enable an owmer to obtain the commercial 
value of the samples, and (b) the collection and classification of 
samples of undoubted authenticity. The official samples are 
stored in evacuated tubes under special conditions, of which a 
description is given. Tlio certificate of the .Department of 
Agriculture is to he tlie final word as to classification for legal 
purposes. 

H. Eltihr'^ describes a number of new’ methods for determining 
mean staple lengths and constructing staple diagrams. In a 
typical one a slhTr, in which the hairs arc well mixed and paralleled, 
is gripped along a line at right-angles to its length. 'The loose 
hairs are combed out, the sliver is cut along tlie line of grip, and 
the tuft weighed. The mean staple length is then given by the 
product of 2 X kaigth j)er unit mass of sliver x mass of the tuft. 

The question of softening the cotton wax in the preparation of 
cotton is dealt -with by P. F. Estey,® w’ho gives directions for the 
preparation of a nuinbcj- of softening mixtures, and by E. Knecht,® 
who recommends the treatment of dry cotton, at any stage up to 
the spimiing process, with air charged with the vapour ('f such 
hydrocarbons as solvent naphtha. 

The importance of the inciusting materials \ resent in raw' cotton 
has loTig been recognised both from a technical and a scientific 
])oint of view', and wc note considerable progress in the elucidation 
of tlv'ir nature and rclationsliips. Working on lines which have 
proved so successful in the examination of many plant materials, 
R.*G. Farghcr and E. M. Probert,’ of the British Cotton Industry 
Research Association, examined the benzene extract from two 
tons of Amftrican cotton .sliver, the 8 lb. of solid w'ax obtained 
being extracted fractionally with solvents. The major con- 
stituent of the wax is a new alcohol, CgoHegO, to which the name 
of gossypyl alcohol is given. It occurs in three forms, differing in 

3 Text. World, 1923, 64, 228, 265. 

« rind. Text., 1923, 39, 156. 

* Amer. Dyestuff Report, 1922, 11, 300. 

«E.P. 195,870; J., 1923, 646a. 

’J. Text. Inst., 192^, 14, 49t ; J., 1923, 263a. 
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melting point and solubility : the y-form, in.p. 87°, appears in 
the petroleum ether extract ; the a-form, m.p. 87°, which is the 
most insoluble of the* three, is found in the chloroform extract 
The other constituents include montanyl alcohol, CgsHjgO, and 
carnaubyl alcohol, together with ph 3 dosterol and sitosterol (the 
latter as glucosidc). The hydrocarbons, C 30 H 62 and CgiHgi, were 
isolated, together with a mixture of liquid hydrocarbons of the 
ap])roxiniate composition C' - 86-6 ; H 12-8%. 

S. H. Higgins® urges greater uniformity in the methods employed 
ill the analytical extraction of vegetable fibres by solvents. He 
suggests, as a standard, extiaction with benzene for 8 hours. This 
author finds that extract. ion with any particular solv’’cnt is incom- 
■jnete. A sample of flax, for example, which gave 1*39% of wax 
w^en extracted with ether, gave a further 0-27 ‘/'o on extraction 
Mith benzene. These results probably find an explanation in the 
observations (di'scribed above) on the varying solubility of the 
three forms of gossypyl alcohol. 

Knecht and G. H. Streat® have also critically examined these 
I«)ints, working with considerable quantities qf. Egyptian, Indian, 
Nigerian, and American cotton. They find generally that after 
partial mechanical or chemical disintegration all cottons give a 
higher jiercentage of extract to organic solvents such as benzene. 
Thus an American cotton conqiletely exhausted Vith benzene gave 
0‘()3% of extract. It was then treated for 15 minutes with hydro; 
chloric acid of sp. gr. 1 - 02 , after which a further 0 - 21 % of extract 
was obtained. Further treatment with acid of sp. gr. 1-025 
boiling for- 15 minutes, drjfing and powdering, resulted in the 
extraction of an additional 0-39% of \s'aXy matter. A crystalline 
solid, m.p. 62", was isolated from these (? palmitic acid); and 
from, Egyptian cotton, besides the cotton wax of fSchunk, m.p 
80", another substance of m.p. 79" was obtained. 

A process for the partial removal of incrust ing matters from 
cotton yarn by extraction with gasoline and other solvents,* wherebj 
an increase in tensile strength of upwards of 25 ‘Vq is claimed, form? 
the matter of a patent by R. W. Jacoby 

A further notable contribution to our knowledge of the reactivity 
of the substances associated with raw cotton, results from* the 
experiments of P. H. Clifford and R. G. Fargher,^^ who have 
examined the volatile products obtained by the*Jiydi’olysis of ' 
American cotton («) with 2 % sodium hydi oxide solution, and (b) 
with water alone, under a pressure of 40 lb., for 8 to 10 hours in 
each case. Among nitrogenous substances ammonia and tri- 


® J. Soc. Dyers and CoL, 1923, 39, 150 ; 


J., 1923, r)99A. 
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ijioihylainiuo were Isolated by both methods, vliile the alkah 
treatment gave also a pyrrole derivativt'. Tli(‘ alkaliiu' treatment 
gave as chief jworliK'ts jmdbyl aleoliol and acetone, whereas 
with wiCter alone acetaldehyde and acetone wen' obtained. A 
number of othei’ ]jrodiicts of an aldt'bydic or ketonic character 
were isolated in (ierivativ(‘ form. A jninnte (piantity of air oil 
Avas also found from which an aldehyde or ketone, could 

be separated, the remainder (amsisting of an oil of cam]ihoraceous 
odour which darkened on keeping and proved highly resistant, to 
all the usual chemical reagents. Its analytical com])ositiou 
(C — : H “ ll'2r)^,j) pointed to the formula C,^il;^o(). 

^Sfnlch(rf and Propc.rllvfi of I he (\)llon Hair. 

R. 0. Herzog continiK'S his interesting researclu's on the X-ity 
structure of cellulose, which show tlnd the ultimate (‘k'ments of the 
hair consist of minute crystals, oiu' axis iiinning ])aralle) to the 
length of the tibre, TIjc Rritish (Vtton Industry Itesi'arch x\si^)- 
ciation has during the year contributed a nuinber of valuable 
papers dealing with the cotton hair— a unit tiu' fundamental 
importance of which was early recognised by W. L. Balls. Jt is 
rightly insisted that the term “cotton hair " is to be preferred to 
that of “cotton fibre. ' and the former term will be adopted in all 
communications of the Association The ])a])ers themselves 
which are illustrated by numerous jdates. nrv exceedingly dihicuJt 
to summarise and nothing more than an indication of their contents 
can be given. H. d. Denham^^ continues his study of the structure 
of the cotton hair and its botanical aspi'cts, considering now the 
morphology of the wall.' The work contains Bb photographs and 
a valuable apjiendix is included dealing w ith optical fallacies and 
errors due either to incorrect adjustnumt of llu' microscope 'Or to 
images formed with polarised light. The .structures involved in the 
w^all of the cotton hair arc described undei’ th(' headings of 
striations, (^onvolulions, slip-planes, IVloscmthaVs ]jits, “ buckling” 
lines, and abnormalities. Tne s1ip-])lanes sljown ))y Robinson to 
occur hi the cell w^alls of strained wood aj*e found to occur widely 
in cptton. The author is able tinally to give a tentative theory of 
wall formation. 

W. L. Balls^^^ has de vised three new methods for the examina- 
tion of the structure of the hair, viz. (a) o})servation in elliplically 
polarised light, (6) preparation of longitudinal sections, (c) the 
development in the jjrimary wall of a definite structure and of a 
substance reactmg to cellulose stains, by boiling with potassium 
hydroxide solution. The results obtained l)y the application of 

^Cliem.-Ztg„ 1923, 47, 21. 

Shirley hist, Mem.y 1923, 2, 01, 

^*Proc. Roy. Soc., 1923, B96, 72. 
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these methods arc of the highest interest, and in addition to the 
structural elements determined, various chemical relationships are 
indicated. For example, the effects of certain structures on 
polarised light arc scarcely affected by strong alkalis, *yet are 
abolished by acids. Speculations as to the ultimate structure in 
t('rnis of the s])ac(' lattice hypothesis are given, ajid the author 
suggc’sts that th(‘ wall is a sj) nge-like structure with free air-spaces 
in between. Tlie specific gravity of the cellulose cell-walls is about 
()‘b- Id. An interesting lecture, including a dLs(aission of many of 
thes(' difficult j)roblcnis, was given by W. L. Balls^^ at the meeting 
of the Jlritish Assotaatiop at Idverpool. 

•^rhe rigidity t)f cotton hairs has been examined b\^ F. 'J'. Peirce,^® 
who shows that the resistance to twist and the forces developed 
(luting the twisting of a cotton hair, luwe a direct influence on 
yarn j)roperties. The coefficient of rigidity was found to be 
0*23 X lb*' dyjK'^ per s<). cm. (about one-tenth of that of glass), 
y^iirs of all kinds are shown to have an a})pr()ximately constant 
volume of (‘cllnlose which is ind(‘pendcnt of the staple length. For 
normal hairs this ^’ohlme is ‘bS x e.e. There are thus about 
4-25 10'^ hairs to the cubic inch, or 78*5 a lO*’ to the ijound of 

cotton. Another ■[)iee(‘ of work by the same author^^ deals with 
the plasticity of cotton hairs and other textile materials. The work 
was undertaken to study the effect of time and temperature con* 
ditions, and of humidity, on the twist in yarns. The method de- 
scribed, however, is of inucli wider aj)plicat ion and may boused to 
determine tlu^ o])timum conditions and efficiency of such major 
oj)(‘rations as sjrinning, maturing, doubling, and finishing, and also 
of textile (|ualities affecting the handle, the Recovery after stretching, 
creasing, sagging, and tlie effects of washing and ironing. A mag- 
netic •torsiometer employed is fully described and illustrated. 

On similar lines the physical and structural conditions accom- 
panying the mercertsation of single cotton hairs have been studied 
by R, S. Willows, T. Barratt, and F. Parker • 

These observations, published in 1922, and dealing more 
especially with the influence of the alkaline solutions on the Jength 
and cross-section of the liairs, have been su})plemented by those 
of Cl. J^. Collins and A. M. Williams^® on the swelling of the cotton 
hair in aqiu'ous solutions. The change in length of the hairs is 
measured by an instrument on the lines of J. Mueller *s turgometer. 
The increase in length observed in w^ater and dilute solutions of 
alkalis is diu' almost entii’cly to the removal of convolutions, and 
therefore the more complete their removal in preliminary treat- 

Tex*. liitiL, 1923, 14, 202r, 

1023, 14, It. 

'• Ihlfl, 1023, 14, 39(i-r. 

^ IbiiL, 1022, 13. 220 ; J., 1023, ,')Ia. 

1023, 14, 2H7t, 21)4t; 1023. lOOG.v. 
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ments, the greater will be the shrinkage of the hairs in the mer- 
cerisation process. Maximum swelling occ?ws at a 15% solution 
of sodium hydroxide, and no advantage is gained by increasing tlie 
concentration beyond this point. H. F. Coward and L. Spencer 
have also contribut(‘d valuable observations to this problem of 
swelling. With the aid of a suitable centrifuge working up to 
8000 revolutions ])er minute, they haye made the first direct deter- 
minations of the wat(U' and sodium hydroxide present in the alkali- 
saturated cotton. No evidence of chemical combination between 
alkali and cellulo.se, nor of simple adsor])tion, w-as obtained. 
Maximum swelling, in agreement witli the work described above, 
was found at .sodium hydroxide, from which it is deducted 

that it is the cuticle wdiich limits the swelling. The maximum 
swelling is less with yarns and fabrics, owhig to the additional 
constraint ini])osed. I'he results also empha.sise the necessity of 
keeping the cloth under tension till nearly all tlu' nuTcerising 
alkali is removed. 


The Aetio}f of varlom Atjenls on VoiUm. 

A. M. Williams,-^ in a note on the compression of cotton for ex- 
perimental ]mrposcs. mentions that although theoretically 15 grams 
of cotton should'go into a 10-c.e. tub(‘, in juactice no more than 
2*5 grams can be ijiscrted. By using a .screws ])astjlle ])ress, how- 
ever, plugs of cotton can be made so that as much as 7 grams can 
be handled in a 10-c.c. tube. The mechanical breakdown of a cotton 
driving rope under acute bending previously referred to'^ has been 
considered by W. Warr'^^'^ as evidence that permanent change in 
the reactivity of cotton can be induced by mechanical means, and he 
has utilised these (djstwvations in a most ingtmious way. The author 
finds that if a piece of wet caheo stretched on a glass plate is sub- 
jected to pressure, e.ej., by drawing the end of a ^ass rod over it, the 
marks \till be seen when t];ie cloth is dyed with a vat, sulphur, or 
direct cotton colour. The effect is not removed by bleaching, and 
on su«^h pressure-patterns a new method for ornamenting cotton 
and other fabrics has been based, the process for whicli is awaiting 
commercial exjiloitation. 

A useful re’v iew of the literature surrounding the action of light 
‘ on cotton is/given by P. W. Cunlifte.'*^^ P. Waentig^^ has studied 
the action of a 1500 H.K. quartz-mercury lamp on cotton, as well 
as on mo.st other textile fibres. If the light w^ere passed first 

J. Text. Just., 1923, 14, 28t, 32t; J., 1923, 221a. 

^ Shirley Inst, Memoirs^ 1923, 2 , 225, * 

Cross and Jloieo, “Researches on Celiulo.so,’’ 1922, pp. 17, 18. 

J. Soc. Dyers and Col., 1923, 39, 361. 

J. Text. Inst., 1923, 14, 314t. 

” Z. angew. CJmn., 1923, 86 , 357 ; J,, 1923, 826a. 



135 


FIBRES, TEXTILES, CElt-ULOSE, AND rAPEll. 

through a sheet oU ordinary or Uviol glass it had no action. The 
author disputes Turner s statement that the destructive effect is 
one of oxidation, since lio oxycellulose could be found in the exposed 
cotton, and the tendering took place also in an atmosphere of 
nitrogen. These results, it may be mentioned, are at variance 
■vvillt those previously obtained by the present writer and others. 

The re lation of the moistiire content of cotton and other textile 
materials to the humidity of the surrounding atmosphere has been 
studied by R. E. Wilson and T. Fuwa,*-^^ who have given curves 
from which the humidity equilibria have been obtained under a 
variety of conditions. The moisture content rises slowly in air 
})«sscssing a low hurnkliiy, say, between 20 and 00%. Linen 
shows a minimum moisture-content at a maximum humidity. 

•]'he ([ualitative and quantitative absorption of ^lethylene Blue 
by cc'llulose fibres has for many years been employed as a general 
test for oxycellulose and oviu*- bleaching. As a prelude to an 
Attempt to detminiiie more exactly the ixdation betweim the 
extent of oxidation and the amount of dyestuil absorbed by the 
cotton, C. Birt\v(*ll, T). A. Llibbens, and B. P. Ridge -Miave studied 
the absorption of IM ethylene Blue b}^ normal cotton celluloses. 
The ])a])er should be consulted for several useful points of technique. 
The results obtained by titration with Naphthol Yellow S. and 
ly thci titanous chloride method agreed closelyT Examination of 
the usual colf)rim(Tric method showed that it is incorr{.‘ct to 
assume, as is usually done, that the concentrations of two solutioiis 
of Methylene Blue showing equal colour intensity arc inversely 
])roportional to the observed lengths of the columns of solution. 
If the concentrations of standard and unknown are considerably 
different this assumption is very far from the truth. The authors 
find that in order to avoid this error solutions of 20 mm. depth 
for the standard should be matched by unknown solutions of 
between 17 and mm. in depth. 

The general results show that the# absorption varies with the 
origin of the raw hiaterial, e.g., American cottons have a lower 
absorption than Egyptian samples bleached in the sanfe way. 
The absorption varies also, as stated originally by Rona^ and 
Michaelis, with the ash content, or rather the ash alkalinity. If 
th(' cotton remains the same the decrease in absorption follows 
the removal of the non-cellulosic impurities, and hence the 
Methylene Blue test does offer a method ot following the progress 
of the removal of such impurities during bleaching. 

The ac^on of micro-organisms on cellulose continues to be 
examined from the two points of view: (1) the nature and pre- 

J. Ind. Eng. Chem., 1922, 14 , 913. ; J., 1922, 926a. 

” J, Text, Imt., 1923, 14, 297t; J., 1923, 1006a. 
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veiition of their attack on the fibres, and (2) tKe fermentation of 
cellulose for the production of power gas and other products. 

H. J. Pcnham*'^® in a communication illustrated by many photo- 
niicrogrsphs of damaged fibres, shows that serious damage may 
exist ill cotton before' any indication can be obtained by the 
usual nu'thods, and that (‘ven localised infection may seridiisly 
interferes with spinning (pialities. 

From tlu' chemical side' (A Nculierg and K. (bhn“® find that 
when fernu'iitcd at .‘»7' or oo'’ (\, cellulose, in breaking down to 
hydrogen and methane, yields acetald('hyd(‘ as an intermediatt^ 
product, the proce'ss thus resembling a butyric acid fermentation. 
H. Languell and 11. L. Hind,’'“ whose work on the production ♦..)f 
pow’cr-gas from cellulose' is well kmnvn, conlributc a papc'i* to the 
Institute of fhewving. in which they jioint to the 12,000 tons* of 
spent hops annually availalile in this country as a waste cellulose. 
The great defe<*ts in the application of tlu' cellulose-fermenting 
organism used liy th('se w’orkers li(' in its ('xtreme sensitiveness to 
traces of cojiper and in the fact that it cannot decompose cellulose' 
in the presence of unaltered lignin, although all iion-lignifiM 
celluloses are readily attached. 

The report of a discu.ssion on the lermentation of cellulose, 
initiated l)y the Society of Chemical Industry/^^ contains contri- 
butions by well Unuw'ii authorities in this field, whilst an ('Xcellent 
review' of previous work on the action of jnicro-organisms on 
cotton and cotton fabrics is given by 1>. Arnstcad and S. C. 
Harland.=‘-' 

A variety of agents, chemical and mechanical, are bronglit to 
bear on cellulose libres iunthe course of the ordinary lauiulry process 
in which treat mc'i it with dilute alkaline solutions in the jucscncc 
of air and oxidising agejits is constantly repeated. The effects 
have never been studic'd, l)ut a few' tentative publications that havi^ 
recently a])])eared show that the subject is aittiucting attention. 
The British Launder('rs’ Research Association also has a scheme 
of research in hand doaliiij^Avith these points, the results of which 
will he aw'aited w ith intere.st. 

Wool. 

• 

iiic British R(‘seai(;h Association adopts a sound [lolicy hy 
instituting a .series of Research Fellowships and advanced Scholar- 
ships for ^work in connexion with the wviollen and worsted 
industries. The fir.st appointment is in connexion with the 
inve.stigat ion of tli(5 action of fungi on w'ool during storage. 

,/. Text, Tnst., 1922, 13 , 240 ; J., 1923, 49a. • 

JMochm, Zeih;., 1923, 139 , r)27 ; J., 1923, 993a. 
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The Dcpariineiit of Agriculture, U.8.A., is endeavouring to 
secure uniformity in the use of wool trade definitions between the 
l^higlish-sjieaking ])eopies. A representative set of samjiles, graded 
according to the Bradford system, has been collected ancf verified 
l)y the Topmaking (V)mmiltee of the Biitish Wool Federation for 
th(‘*i.se of th(‘ Washington J)(‘partment in tliis connexion. 

All iuterc^sting account o+‘ the (Jovernnu'nt Wool-disinfecting 
Station at Jav'erpooF*'^ states that th(' introduction of a sclieme for 
the comjniisory disinh'ction of wool gave ris(‘ to nuich uncertainty 
and apprehemsion in the trade, leading to a fall in inpiorts. Con- 
fidence is, liowevi'r. now^ r(‘stored, and since Juik' last th(‘ station 
h»s been constantly muployed. The proc(\ss inclncles twT> mild 
alkaline soap baths, fo]lo\\(‘.d by treatnnmt with formalin. 

*l'lie new' conditioning hons(‘ at Bradford. descri})cd in a recent 
article,^’ einjiloys a current of dry air at 1 12'^ the sample being 
wi'ighed at intervals on a trav(‘lling balanc<'. The tests an^ 
g^nijilete in 45 to (JO minutes. 

^S. A. Shorter'*^ discusses tlie moisture content of wool from the 
point of view' of scientilic theory in relation to commercial })ractice. 
He severely ciiticises Hartshorne's work on the ecpiilibrium betw'een 
wool and atmosjiheric moisture, showing that the older work of 
Schloesing is far more accuiativ Curves are j.iven w'hich show 
that for ra])id conditioning high humidity and not too low a. 
temj)cratur(‘ are needed. IMilling, accoiding to tlie author, is 
]>rimarily due to the fact that wool fabric under jiroper conditions 
of fibi’e contact becomes a collection of self-tight(‘uing mechanisms. 
High humidity is considered to act d(‘letcviously by increasing the 
(‘Xt('iLsibility of the fibres, and on these lines tlie bad effect of high 
humidity in s])imuiig English rovings is explained. 

E. A. Fisher'^® also contributes a study of the rates of evapora- 
tion of water from wool, sand, and clay. Curves are given showing 
the variation in evaporation-rate as the water content falls. It is 
concluded that tlu' forces which cause t*!ic water to be retained arc 
similar in each of the colloidal systems examined, and th^it the 
shrinkage of waiol is a deformation and not a volume shrinkage. 

'Phe production, for special effects, of a wool yarn which* on 
moistening, shrinks considerably, is (claimed by H. J. W. Bliss 
and the British Research Association for the Woolleif and Worsted 
Industries. The yarn is W'ctted, stretched to an iAcreasc of at 
least 8% in length, and dried under tension. If exposed during 
tension to moist heat the stretching effect is permanent. 


Chcm.^and JmL, 102:?, 100. 
T(^’xHia IhccmUr, 102:1, 40 , O'). 
=’^7. >SV>c. Dyers ami CoL, 102.‘t, 


270; . 7 ., 102.1, 1017a. 
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S. V. Kapp^® has made an exhaustive examination of the action 
of various chemical and physical treatments on woollen fabrics. 
He states that the wearing test is far more sensitive than the 
tensile sitength measurement. 

The effects of the action of ozonized air on wool, studied by 8. R. 
Trotman and I). A. Langsdale,^*^ indicate that the projicrtids of 
wool damaged by ozone are very similpi* to those of over-chlorinated 
wool. Pcrhydrol (30^4 hydrogen peroxide) rapidly attacks and 
dissolves wool to a clear solution. P. Waentig finds that wool is 
practically unaffected )»y sunliglit or by light from the nuTcairy 
vapour lamp. 

Silk. 

But little scientific work on silk is to be noted during the j)v.st 
year. The action of light on the fibre has been studied by 
P. Waentig/^^ who finds it only slightly more sensitive than wool, 
and R. 0. Herzog, as the result of Rontgen-ray examination, 
states that silk, lik(‘ cotton and otlu'r textiles, is built up *bf 
minute crystals, oip* axis of which runs j)arall( l to that of the fibi'e. 

A scheme for the analysis of raw silk is given by P. Utz.'^'^ 

Plax. 

A useful research of (b Ruschmann'*'^ introduces a new method 
of staining whereby the micro-organisms on seiitc.lK'd fiax can be 
revealed and their number and po.sition examined. The number 
on retted flax is high. After 14 days' incubation tlic moistened 
flax lost 25% of its strength. The attack was due to spore-forming 
bacteria, the number of aerobic forms greatly preponderating. 
The bacteria attack ekiefiy tbc pectin, loosening the bonds bf, tween 
the fibres, but in part also the e.ellulose itself. The author states 
that the permissible moisture in flax, 12-5%, is too high, con- 
sidering* that the flgure for cotton is only 8-.5%. 

W. Kind'^^ has examined the differences in bleaching that Averc 
to be ^ound among yams spun from flax which had been retted to 
different stages. After close examination of under- and over- 
retied flax, the conclusion is reached that to tlie bleacher the 
degree of retting makes no difference, but that it is of some signi- 
ficance to the spiimer. 

Textilher., 1923, i 237. 

»»«/., 1923, 13t. 

Z. angew. Chtm., 1923, 36, 357 ; J., 1923, 825a. 

« Ibid., 

1923, 47, 21. 

*Ubid., 1923, 47, 30; J., 1923, 177a. 

Faaerf orach., 1923, 3, 131. 

Textilber., 1923, 4, 22. 
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The decortication of flax under pressure generally leads to a 
weakening of the strength of the fibre, owing to the acids produced 
decomposing the pectin in the fibre bundles, with consequent loss 
of tenacity. G. Ruschmann'*® overcomes this by a preliminary 
leaching, and claims that the fibre is then not damaged by several 
treatments at four atnios])hercs pressure. 

A piocess for the cotton 'sing ” of flax -waste has been worked 
out by P. P. Rudnikotl and P. W. Solotarefl.^^ The waste is 
heated under pressure vith alkali and sodium bisulphite, and 
the treatment re])eated with liquors of diminishing concentration. 
The loss in tveight pioduced is of the order of 30^4. 

Past and Other Ve(;etable Kirres. 

\aluable study of the behaAnour of bast tibres under the 
influence of caustic alkalis is contributed by G. R. Xodder and 
R. W. Kinkead,'*® (»f the innen Industry Research Association. It 
Mftist be read in conjunction with the authors’ ])revious Avork^® 
iii which they showed that th(‘ compoiuait fibrils of flax and ramie 
fibres are arranged in k'ft-handed spirals. The contraction pro- 
duced by caustic soda solutions of various degrees of concentration 
on fibres of ram it* and of flax has been measured. With ramie 
there is a remarkably sharply defined contractic^ maximum with 
a 10^)0 solutio]! of sodium hydroxidt* (22*2" Tw.). Flax shows a 
somewhat similar series of cuiTcs. The untwisting of ramie was 
carefully examined, and the results shoAV that the maximum 
untAvisting takes place Avith solutions jn'odiieing the greatest 
contraction. The work includes a study, of yains, a comparison 
of bast fibres with cotton, and a discussion (fl’ the effects obserAxd 
in relation to lustre in mercerised goods. An interesting account 
of the spinning, mercerising, and dyeing of ramie Avas recently 
given by W. Marshall.''® 

The possibilities of tin* recently bitrodueed Arghan fibre are 
discussed by G. A. Lowry^^ and by A.AIontefiore.^^ The cleaning 
of the fibre on a comniereial scale is A^ry ditticult. It is stated 
that a machme has now" been iiwented for doing this Avhich should 
pave the way to tlie use of Arghan as a textile fibre. Thete is 
little doubt that for cordage purposes Arghan has a future, espe- 
cially as its resistance to sea-Avater, determined by the present 
Avriter, is very high. There appear, hoAvever, to bo many diffi- 
culties connected Avith the fibre from the spimiing point of view* 

Faaerstojj'c, 1923, 5, aO. 

Z. aimw. Chein., 1923, 36, 138 ; t/. Aba., 1924, B, 11. 

J. Text. Inst., 1023, 14, 133t. 

^Ubid., 1922, 13, ICl. 

Soc. Dyers and Col, 1922, 38, 293. 

“ J. R(yy. Soc. Arts, 1923, 71, 137. 

“ J. Text. Inst., 1923, 14, 29p. 
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A useful summary of the botany, structure, etc. of Arghan is 
given by G. van Iterson.^^ , 

C. Sunder'*^ describes inctliods for tiie preparation of nettle 
fibn’.'?. *J'he difficulties are numerous, since the air-dry stalks 
contain only C^;,, of fibre, ^^ith of ligneous substances and ()% 
of incrustijig matter. Tlie fibres are, however, more lustrous than 
cotton and easily dyed. ^ 

Since 1910 English iin])orters of Abaca have constantly had to 
complain of the occurrence, (‘S])ecially among the lowin’ grades of 
]\lanila hemj), of a large jirojiortion of weak, brit tl(‘, and dis- 
coloured fUire. The trouble Avas lairly diagnosed as due to micro- 
organisms, but attini})ts to jiroduee the effects on sound liigli-gn^tle 
hemp did not succi’cd. The Department of Agriculture and 
Natural Resourites of the (Jinnrnment of the Philippine Islancis^^ 
has lately succeedial in isolating from damaged fibre a number of 
species of micro-organisms, mcluding one sterile fungus and four 
species of bacteria. Thcsi* were severally inoculated on to souijcl 
fibre of grades A and J. It Avas found that thosi' ca})abl(‘ of 
producing the danuige on grade J included the sterile fungds, 
A. niger and anotlier A>i})ergiUm species. Only a trace of damage 
was found on grade A after one month. The conclusion is reached 
that the causal organisms live mainly on the starch content of 
the jmlp present m the coarser grades of fibre. It is behoved tliat 
the damage can be minimised or removed by (n) jiroper drying 
before depositing in th(‘ Avarehousis (h) adequate Aeiitilation of 
the warehc)us(‘, (e) avoiding too long stoiaige and, if the market 
permits, stopping the production of grade.s J to M. 

AK'ni-’KiAL Silk. 

Although the wor'lifs ])roduction of artificial silk for 1922 
exceeded 30 million kg. (Btdicfin des Soles el des Sokries, Lyons), 
yet this* aars iiisuflicient to «u])ply the demand. In consequence, 
new Avorks arc being set uphind constant research Avork is doubtless 
in progress, though not very much of it is aAmhiblc in published 
form. The United States output of 10 million kg. in 1922 compares 
with 2.^ million kg. in 1918. In Germany at the beginning of 1923 
the output had reached as much as 000 metric tons iicr month. 
According to* the report of the SockHe de la Sole de Tubize con- 
siderable d(‘'\’elopments are taking jilace in the manufacture of 
acetate silk, and the National Resources Rureiui of the Deimrt- 
ment of the Interior of Canada has prepared a memorandum 
dealing Avith the [lossibility of establishing the artificial silk 
industry, probably in the form of acetate silk, in that country. 

Tfljlsroml. WztlhaM, Ikift, T.L’:?, 8, 73. 

Sor, LkJ. Mulltnii^r, IUl>3, 89, LS7 ; J., 1033, OOIa. 



FlBPiKS, TJ^XTIT.KS, CUB^rBOSli:. AXT) PAPim. 


a 


i)u the techiiicaf siflo jiiuiiereiis patents arc in tAkleiMX' rivaling 
lo ini])rovo?tieiits in IIk' production of wry fi?ic tJi roads of viscos(‘ 
silk. (TJanzf;id(']i prot(rt tlx^ addition of ])or'acid.s and 

their salts to the spuming hath f(»r the elimination of niinutoVuhbles 
of hydrogen sidjdhde formed during the coagulation of tim^ threads. 
E. Ih’onnei-t-'^ linds that tlireads of I-(> (hmiers mad(’ afUiording to 
his ])revious patimt’*^ lack softness and tiMxl to stick together. 
These deh^ets an’ ovc’reome f)y adding to ih(‘ .^pinning hath a 
mixture or solution ]>repared hy tnviting a mixtnn’ of cellulose 
and eon('entrat<‘d sulphite waste-Ikpiors with SO'h) sul])hurie acid. 

Satisfactory viscose threads, iihns, and rihhons are prepared 
])y^\. Kiimpf'*^ by using ii^ th(‘ spinning hath a solution in sulphuric 
acid of the (‘ondimsation ]>roduet ohtaiix’d by the treatment of 
w»)(^l with ])hen(il.'’^‘ 

Improvemmit in the n’sistanee of viseos(‘ silk t(> tlx? action of 
water has long been desired. H. Delahayc'*’^ claims to ])roduce a 
•silk ])raeti(‘ally niiath’cted by water by jireparing the alkali cellulose 
art) (\, kee[)ing it at tliis temperature’ for several da\^s, and then 
at^hV’ for si’va’ral days to allow' of a slight hydr^ition : converting 
into the xanthate at tempeu-atures bedow' 20 , and tinally ])re- 
ser\ung the jiroduet for one to throe weeks at below 10^'. 

d'he production of a readily soluble viscose using less caustic 
soda and carbon bisulphide than is generally i^nployi’d, is de- 
scribed by Teehnoehemia A.-(l. ‘^^wdio attain tliis result by boiling 
the. cellulose for 0 liours with O-o^o sulphuric acid before treatment 
with the mercerising soda at 5 ’ The xanthate can he used at 
once or stored at till needed. 

The Snia tSocieta^'^ linds that the organic by-products formed in 
the spinning bath havu* a lieneficial elfect on the finished silk, and 
recoinijiends that the exJiausted liquors he (’oncentrated, acidified, 
and added to tlie next spinning bath. 

Published develojmients in connexion with cellulose acetate 
silk relate chiefly to dyeing and linishiiio’. 

Yarns and Fabrics. 

Testing. 

A scheme outlined by the Cotton Rescai’ch Co. of Huston, U.S.A., 
includes a complete unit of standard mill machinery, coupled 
with laboratories in which standard testing aixi research can be 

185,718; J., 1923, 446a. 

K.P. 192,214 ; J., 1923, 305a. 

^«E.P. 166,931 ; J., 1921, 654a. 

^»E.P. m,450; J., 1923, 711a. 

®«E.P. 160,482; J., 1921, 344a. 

«iE.P. 195,569 ; J., 1923, 494a. 

193,926; J., 1923, 493a. 

«3E.P. 178,121 ; J., 1923, 883a. 
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conducted. The question of the mechanical testing of yarns and 
other cotton materials has been considered in a comprehensive 
report from the British Cotton Industry Besearch Association.®^ 
The report begins with a very much needed discussion on ter- 
minology and tlie princijdes on whieli iindhods are based, and 
goes on to dofin(‘ these in precise physical terms. 'J’be interpreta- 
tion of data by tlie aid of statistical methods is eonsid(‘red. A full 
treatment of the various machines from the point of view of theii’ 
working principles is conlri])iiled by E. Midgley, and a summary 
of past work relating to the etfeet of humidity and tem])erature 
conditions on the results obtained in testing is furnished by 
A. R. Urquhart. His conclusions are that only a general idea, of 
the effect of humidity on strength can be obtained from j)re\ious 
results ; that results must be treated statistically on the basig of 
a very large number of tests. Work on these lines is foTvshadowed 
by A. d. Turner.®^ 

A review of this subject of yarn testing, with sp(*clal reference 
to linen yarns, is contributed ])y T. Hemmerling,'’® v/lio deals 
theoretically with., the questions of statistics and their application, 
the clinging ])ower, breaking length, etc. A s})ring dynamometer, 
which automatically nvords the load-extension curve, and a 
simple machine for the testing of oscillating stress, are desenbed. 
The papers consdtute a thoughtful, if not final, account of testing 
principles and should be read. 

Recent ex])eriments with the Jumbo Mullen Tester®’ have 
made it ])ossible to express the strength of materials tested by 
it in terms of an Index Value. This figure is obtained by dividing 
the bursting strength of the fabric by the weight of unit area. 
As both warp and weft strengths are included in this single figure, 
it is claimed that the Index Value will prove to be a most useful 
test, especially for (quality in fabrics of the same eonstniction, 
but made from different grades of cotton. 

A. E.Owen and A.E.Ox^ey®® have continued their studies on the 
physical properties of yams under oscillating stresses. A method 
is described whereby the regularity of a yarn is measured by its 
capacity to witlistand an oscillating tension which never approaches 
the breaking strength. Such tensions arc similar to those produced 
in wea\ung,,and it is found that a yam which could stand indefi- 
nitely a loiid equal to the maximum of such tensions gives way 
in time to such a series of impulses. The extension of yams 
under these conditions has been recorded and expressed in terras 

«« J. Text. Just., 1923, 14, 1()J-208t. 

Ibid., 1923, 45t. 

Textilber., 1923, 4, 5, 63, et seg. 

Text. Inst., 1923, 14, 329t ; Text. World, 1923, 64, 117. 

^Ubid., 1923, 14, 18t. 



FIBRES, TEXTILES, CeIlULOSE, AND PAPER. 


143 


of accumulated permanent slip of the hairs. The method should 
prove exceedingly useful, since it tends to exaggerate and reveal 
small differences in yams due to faults in the spinning, weaving 
and sizing processes. • 

A. E. Owen®® has, in a later paper, described tlie behaviour of 
sizeti yarns under the oscillating stress tester. As would be 
expected, sizing increased ibe resistance of the yam to repeated 
variation in tension, such as might occur in weaving. It is 
interesting to note that various sizing mixtures examined gave 
almost identical improvement in resislance, and this is explained 
by the assumption that in all these mixtures the cementing action 
oithe size on the fibies^is complete. Sizir^ entails a reduction in 
the ultimate extension-value, and the author suggests the pos- 
siyiity of a size which, while retaining the cementing action, 
might permit of a greater longitudinal movement of the fibres. 

Cellulose. 

Physical ami Colloidal Pro2)ertie$. 

It is by accurately com])iled knowledge of the physical state of 
cellulose and its esters in various stages of colloidal dispersion 
that we may ho])e to advance, not only in knowledge of the mole- 
cular structure and condition of these derivative's, but also in the 
perfection of their applications in teclmf)logy. 

A series of studies by E. W. J. Mardles,"^® in which a vast amount 
of experimental observation i.s recorded, point the way to a 
cl(*arer understanding of many points in the science and technology 
of cellulose esters. In a research on suitable pure and mixed 
solvents for the acetate, chloroacetate, and nitroacetate, the 
autlKH* finds that the solubility of an ester or, otherwise regarded, 
the dispersing action of a liquid, depends on the relative specific 
character of the liquid and the ester respectively. If the lower 
members of a homologous series, e.g.^ benzyl and tolyl Alcohols, 
are good solvents there is invariably a rapid fall in activity as the’ 
series is ascended, and from this regularity the conclusiion is 
drawn that liquids with smaller molecules, and consequently 
larger “ residual affinity,” are the better dispersing media. *For 
example, aniline has solvent properties, but dimethylaniline is a 
non- solvent. A mixture of liquids by no means possesses a solvent 
power of an average value between the constituents.* Some non- 
solvents become solvents when suitably mixed, while in some 
cases solvents become non-solvents. There does not appear to 
be any relation between the solvent power of a liquid and its 
dielectric constant, molecular refractivity, or molecular volume/ 

1923, 14, 375t. 

1923, 136t, 209t; Tram, Faraday Soc.t 1923, 18; J., 1923, 178a. 
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Tho author (indy also that the voluiiio change accompanying 
the formation of cellulose ester organosols is greatest with the 
best sokents (or optimum mixture in the ease of mixed solvents), 
and that it increases ^ ith temperature and with dilution. 

Approaching next tin* question of gel formation, Mardles'^ 
has examined the viscosity changes with time (a) during gelation, 
and (h) during gel-to-sol transition m the case of cellulose acetate 
solutions in benzyl alcohol. The falling-s])hore viscosimeter was 
used, but as gelation proceed(‘d the balls fell irregularly, so that 
only approximate measuremeni s could be made. By producing 
the viscosity-time curves the t(unperatu»‘e at which the rate of 
gelation was zero could b(‘ oht aim'd. This maxinnnn gelation 
temperatun^ is oik' above which the sol would be comparatively 
stable and below which gel formation would begin. This tem- 
perature increases ra])idly with the concentration. 

Assuming that the scattering of light by a colloid mixture is 
intimately connected with the size of the particles })resent, m(«- 
suremonts were made of the " T\mdall numher ' of organosols 
and gels of cellulose acetate. A sol cooled without agitation 
shows a small increase in the Tyndall numlK'r until the maximum 
gelation temperature is attained ; thereafter during gelation 
increase is rapidt,ibut it falls off quickly after the formation of a 
definite jelly. The Tyndall numlxT increases rapidly with con- 
centration up to a definite ooncentration, notably (> g. of cellulose 
acetate per 100 c.c. of benzyl alcohol. A coiuK'xion between this 
Tyndall nurnbc'r and the volume change is to be noticed, since 
both are mo.st pronounced at this ])articular concentration. 

Studies of the elasticity of organogels of cellulose acetate, also 
by Mardles,^- showed that this (quality varies enormously, with 
age, preparation, etc. of tin* gel, and the measurements obtained 
prove difficult to adapt to any veiy definite relationship. 

Thestf results may be • considered as promising indications of 
advance in this field. They go to show that the order of formation 
of a gel is probably, first the aggregation of the tlisperscd ester* 
colloid into larger units, then the coupling of these units into 
grofips, and finally the linkage of the groups into the gel. 

J. DuclauxJ^ develops a theory of the constitution of reversible 
gels such as, those of cellulose nitrate. According to this the gel 
consists of an insoluble solid resembling the cellules of a sponge 
and of a soluble sohd which can be either colloid or crystalloid. 
The former is associated with the solvent as an irreversible gel, 
while the latter is in solution in the solvent. The‘ mechanical 

Faraday Soc., loc. cit. 

^^Ibid., April, 1923 ; J., 1923, 649a. 

Bull Soc. Chim., 1923, 38. 36 i J., 1923, 293a. 
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properties of the ^el are dependent upon the ratio of the insoluble 
to the soluble solid. In a solution of nitrocellulose prepared cold 
the insoluble solid is* present in large proportion, and this is 
evident in the high viscosity and tendency to gelation •of such 
a solution as compared with one prepared at a higher tem- 
perature. 

The viscosity of a specially prepared nitrocellulose solution has 
been measured by I. N. Kugelmass’^ between -90° and + So® d. 
He finds that hi this and its other physical properties the ethereal 
solution of nitrocellulose resembles an ordinary colloidal solution 
in water. 

A. Joyner^’* has continued his studies on the lowering of the 
viscosity of cellulose by acids, sodium hydroxide, and air. A mass 
of experimental results is given in this interesting paper, but the 
author himself points out the difficulties of their interpretation. 
He finds that the highest viscosity possible for a 2% solution of 
* cadlulose is 57,000 seconds (or 28,000 abs. units), while by repeated 
kiering of a cellulose with sodium hydroxide a viscosity of 1 second 
fol a 5% solution was obtained, which is rcgard(Mi as the minimum. 
The hypothesis is put forward that there arc two kinds of cellu- 
lose : cellulose A with the higher viscosity and cellulose B with 
the lower. From the measurements with air it was calculated 
that the amount of oxygen necessary to convert cellulose A into 
cellulose B was 16 grams per 2100 grams of cellulose. With hypo- 
chlorite oxygen the proportions were similar, viz., 16 of oxygen 
to 2500 of cellulose. These results are very important and should 
throw a light on -the complex physico-chemical balance of cellulose. 
They must be considered carefully by the pure chemist, who is 
apt to regard cellulose as a rigid chemical unit. He must help, 
for example, in explaining the remarkable fact that a brief 
exposure of a cuprammonium solution of cellulose to air and light 
produces enormous changes in its viscosity. 

A report on the viscosity of such solutions fe issued* by the 
Research Department, Woolwich,’® in which all necessary pre- 
cautions to be taken in purifying and sampling the celfulose, 
preparing the solutions, filling and using the viscosimeters ^are 
given. An exact specification for making the cuprammonium 
solution is included. 

A new viscosimeter specially suitable for colloidal, solutions is 
described by P. Secomte du Noiiy,” which does away with the 
capillary tube and yet requires no more than 1 c.c. of fluid. The 
principle is that of oo-axial cylinders. 

• 

Trav. GUm., 1922, 41, 761 ; J., 1923, 246a. 
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Chemistry and Constitution, 

The question important to all workers on the chemistry of 
ccUulos^ of the preparation of a standard cotton cellulose has been 
investigated by a Committee of the Division of Cellulose Chemistry 
of the American Chemical Society Starting with Wannamqkcr’s 
Cleveland raw cotton, elaborate instnictions are given for boiling 
off and bleaching. The purity is controlled by selected methods 
of analysis which have been investigated. The cellulose content 
obtained varied between 98*4 and 99*6%, the general standard of 
purity resembling that of the Madder bleach calico recommended 
by Cross and Bevan. ^ 

A ready method of obtaining cellulose free from lignin Und 
pentosan is given by C. C. Schwalbe (see p. 153). 

The outstanding contribution of the year in the field of cellihose 
chemistry is the work of J. C. lr\Tne and E. L. Hirst’® on the 
molecular structure of cotton cellulose. The results now obtained, 
by them enable a formula to be given for the cellrdose unit compk?’^, 
an achievement which crowns a scries of exact investigations 
pursued over a fong period of years. The exi)erimcntal work 
described consists in (1) the preparation of the fibrous trimethyl- 
cellulose CeH^OgfOMelo, and (2) the simultaneous hj^drolysis of 
this substance \q a methylated glucose and condensation of this 
with methyl alcohol by the action of a methyl alcoholic solution 
of hydrogen chloride. 

The second process, theoretically considered, can proceed in 
many ways and might result in the formation of one, foui‘, twenty 
and even up to forty-:i;dne methylated sugars. By a remarkable 
chance experiment showed that methylated cellulose broke down 
in the simplest of all these ways ; only one sugar, 2.3,6-trimcthyl' 
glucose, was obtained. 

Before discussing the bearing of these results the three main 
degrad^ition series initiated by Irvine and his co-workers are sum- 
marised as follows : — * • 


(a) Chem, Soc. Trans,, 
•1922, 121, 1685. 

i 

TriaceiylcolJlulose. 

'L 

Mothylglueusidc. 

1 

GHJC08K. 


CELLULOSE . 

i 


(6) as above. (o) Choin. Soc. Trans., 

1921, 119, 193. 

TrimefcLylcelluloBe. (Jellobiose. 

Trimethyl methylglucosido. Octarnethylcellobwee. 

2.3. e-TRlMETHYL- 2.3. 6-TRIMETHYL- 


GLUCOSE. GLUCOSE. 


• The reader will find a humnuiry of previous M’ork on Uic constitution of cellobiosc, trlmeihyl- 
Klncose, etc., in “ Jtc.'^carcheB on CeUulose,” Vol. IV., by C. F, Cross .and C. DorCe. (Ijongmans, 
Uiocn and Co., 192::,) 


Sng. Chan., 1923, 16, 711 ; J., 1023. 826a. 
C.hm. »SW. Trans., 1923, 128, 518 ; J., 1923, 710a. 
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The simplest cellulose molecule which will satisfy series (a) 
and (6) is a 1 .5-anhydjoglucose of the butylene- oxide type (I). 


0 


(I.) CH.CHOH.CHOH.CH.CH.CHaOH 

L _o ' 

This stmcture, however, could not yield cellobioRC in accordance 
witli the results of sciies (. ,, and the simplest structure which 
would conform to this requirement would be a di-anhydroglucose 
of the same unit structure. If, however, cellulose were con- 
stituted in this w'ay 100 parts would be cai>able of producing 
105*5 parts of cellobioso 

^Vlulst it is w'cll known that 35 parts is the yield more commonly 
ol)taiiied, and making all allow^ances, the authors consider that a 
grouping which w’ould allow of 50 to 70% of ceUobiose would be 
tlie safest hyi^othesis in the light of present knowledge. They 
» therefore give a number of tri-anhydroglucose formulae which, 
Tvhile satisfying all other conditions, involve a maximum yield of 
ccllobiosc of 70%. Of these they express j)refercncc for the 
folloAving : — 

CHaUH 


(IT.) 


CH.O.' 

I 

OH.Oli 

1 

CH.OH 

I 

CH 




- 0 - 


CH.CH(OH).CH(OH).CH 


-CH.CH(OH) . UH(OH).CH.iH.CHjjOH 

I I 0 I 

CH.OH 


(Letters in block type iudkate polcntiul leduciug grouiw.) 

In a further discussion the authors demonstrate the faille of all 
the older formulro in the light of one or other of these results. 

A point in connexiem with formula II. (which permits of ceUo- 
biose as the only disaccharide obtainable on hydrolysis) is*raised 
by the isolation of a new trisaccharide of dextrose from the prodjicts 
of the aoetolysis of cellulose. G. Bertrand and S. Benoist®® give 
details of the method by which they isolated the nejy sugar, m.p. 
210X\ jUj)— -j 22*8°,to which they have given the name procellose. 
They are also able to show that the so-called iso-cellobiose of Ost 
and Brosiegel is a mixture of procellose with ceUobiose. 

The formation of co-bromomethylfurfural from ketoses and ceUu- 
lose, but not from dextrose and other aldehydic sugars, has hitherto 
been accepted, and on this fact many writers have postulated 


«« Ootnptes rend., 1923, 176, 1583 ; J., 1023, SIJIa. 
1920, 421a. 
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the existence of a ketonic grouping in the cellulose molecule. 
H. Hibbert and H. S. Hill®^ now find thaji dextrose and derived 
sugars can be made to give 3 to 12% of ti)-bromomethylfurfural, 
and thdt therefore there is no experimental justification for the 
assumption of a ketonic character for cellulose. 

It is true that this may be held to support the constitution 
assigned to cellulose by Irvine, buf. the very simplicity of this 
formula prevents it from explaining some quite deWte reactions 
of cellulose. Thus J. Hubner and J. N. Sinha®^ find that iodoform 
can always be obtained in minute quantities by the action of 
iodine on cellulose followed by dilute ajkali, the iodoform being 
produced from some volatile product liberated by the alkali. This 
is one of several other cases in which small quantities of product 
are obtainable from the cellulose complex, and their formation 
certainly requires explanation. 

The constitution and structure of cellulose are considered in ^ 
another way by K. Hess,®^ w'ho concludes that in cuprammonium 
solution cellulose may exist asCeHioOg units. X-ray examination 
of cellulose fibre ‘and ceUulose precipitated from the solution 
shows that the chemical structure is not apparently altered. The 
varying solubility, e.gf., in alkali, of cellulose products having the 
same chemical siructure, is explained as being due to the degree 
of packing of the units, a loose arrangement permitting of greater 
solubility than a closely packed one in which the more basic groups 
are masked. If cellulose is CgHigOg, cellobiose must be built up 
from separate cellulose molecules, and on this hypothesis the 
author explains that, op the hydrolysis of cellulose, the yield of 
cellobiose, owing to alternative reactions, is not more than 33%. 

L. E. Wise®® discusses the relationship of cotton cellulose to the 
cellulose of the woods. He considers that the balance of evidence 
is in favour of a large aggregate for the cellulose complex, the 
aggregate being made up of comparatively small cellulose units : 
each unit again containing anhydro-cellobiose linkage relatively 
few times. On this hypothesis the complex is likened to a brick 
wall, fhe cellulose units being the bricks held together by a mortar 
of secondary valencies. 

The author considers wood cellulose to be a complex of a more 
variable character, the greater number of the units being identical 
with those of the cotton cellulose complex, together with a few 
consisting of carbohydrates adsorbed during cell growth. 

The extent to which the cellobiose linkage occurs in the cellulose 
derived from a number of American woods— red sgruce, white 

« J. Amer. Chem. Soc., 1923, 46, 176 ; J., 1923, 219a. 

w 1923, 266 t. 

** Z. angew. Chm., 1923, 86, 502. 

•' 2fid. Zng. Chm., 1923, 16. 711 ; J., 1928, 825a. 
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oak, etc.-— has been examined by L. E. Wise and W. C. Russell,®® 
who investigated the a-celluloses obtained. By very careful 
acetolysis cellobiose oc^-acetate was isolated, the yields varying 
from 24 to 33% of the theoretical compared with 33% from cotton 
cellulose. They consider that the cellobiose linking must occur in 
wood cellulose to the extent of 24%, or possibly as much as 50%. . 

A review of these results would seem to show that the most 
resistant portion of the cellulose of woods is very similar to, if not 
identical with, cotton cellulose, but that the wood cellulose complex 
taken as a whole is different from cotton cellulose in that it contains 
other and less stable groupings. 

The mechanism of the ‘acetolysis of cellulose by acetyl bromide . 
has been studied by L. Zechmeister,®^ and on the S 5 mthetic side 
H. ffibbert and H. S. Hill®® have initiated some promising investi- 
gations on the condensation reactions of ^-bromoacetaldehyde 
whereby hydroxy-derivatives, closely related to the polysacchar- 
’ ides and anhydro-sugars, have been prepared. 


- Cellulose Degradation Products. 

A useful summary of the literatoe relating to hydrocellulose is 
given by P. H. Clifford.®® E. Heuser and F. ELsenring,*® in con- 
tinuation of their work on hydrocellulose, have examined the 
action of oxalic acid solutions of 8 to 16% concentration at 100'^ 
and 180° C. on cellulose from viscose. By such treatments hydro- 
cellulose products having a copper number of 10 or more, and com- 
pletely soluble in 8% sodium hydroxide are obtained. 

Viscose hydrocellulose, if heated for 30 minutes at 180° with 
oxalic acid, gave nearly 12% of (w-hydrdxymethylfurfural, while 
viscose cellulose gave 5-7%, and cotton cellulose only 0-8%. 

These and other peculiarities shown by viscose cellulose obviously 
require further work for their elucidation. 

But little work is reported on oxy cellulose. E. Knecht and 
J. P. Egan®^ find that an oxycellulose with, for example, a copper 
number of 15, is produced by hypochlorous acid with about one- 
tenth of the oxygen required when the oxidation is brought ^bout 
by acidified permanganate solution. The development of colour 
noticed by A. E. Everest and A. J. Hall, which is produced whdh a 
l^hly oxidised cellulose is treated with tetrazotised benzidine solu- 
tion, has been further examined by the authors.*® The reducing 
property is lost after extraction of the oxycellulose with alkalis. 


Eng. Chem., 1923, 15, 816 ; J., 1923, 923a. 

« Ber., 1923, 66, 673 ; J., 1923, 347a. 

«« J. Am^r. Chem. Soc., 1923, 45, 734 ; J., 1923, 347a 
J. Text. Inst., 1923, 14, 69t. 

Cdtuhsechm., 1923, 4, 26 ; J., 1923, 649a, 699a. 
•V. Soc. Dyers and Ool, 1923, 89, 67 ; J., 1923, 349 a 
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Cellulose Esters ami Ethers. 

Progress in the inannfacttiro of these drrivaiivcs continues to 
lie rather in improvement in the details of the older processes than 
in the introduction of new ])rineiples. 

H. Plauson,®^ however, prepares pure or mixed cellulose Qstors 
by working with very finely divided cellulosic material in the 
presence of gaseous agents such as the vapours of acetic or formic 
acids, a gaseous catalyst, such as sulphur dioxide, being employed. 

The Eastman Kodak make a novel claim for the pro- 
duction of cellulose ethers in that the reaction between the alkali- 
cellulose and the etherifying agent is brought about in the presence 
of a large surface of “ immunised steel.” H. Dreyfus®^ is able to 
reduce the quantities of alkali and etherifying agent practically to 
the theoretical value, by reducing ihe amount of water present, so 
that the ratio water : cellulose is less than 4 : 1 and preferably 0 to 
0*5 : 1 . This is accomplished by the addition of water-binding . 
agents, such as the oxides of the metals of the alkaline-earths. * 

H. Gault and P. Ehrmann®® find that hydroccllulose readily 
yields esters of the higher fatty acids, c.g., a distearic ester, under 
the action of the acid chloride dissolved in benzene in the presence 
of pyridine at llO'^ (\ 

The productidn of inorganic esters in fibrous form, giving a 
material resembling wool in some of its properties and suitable 
also for the manufactuie of very strong paper, is claimed by 
Burgess, Ijedward and Co. and W. Harrison.®^ Cotton, hemp, 
jute, or wood is impregnated with caustic soda solutions of 12 to 
20% concentration and 'squeezed to hold its own w eight of liquor. 
The “ mercerised ” material is then treated for 5 to 15 minutes 
with thionyl, phosphoryl or other chloride below 40° C. A lustrous 
finish may be obtained by esterifying under tension. 

E. Knoevcnagel and K. Konig®® have recorded and discussed 
the condensation or polymerisation shown by cellulose acetate 
solutions on standing. J. 0. Zdanowich®® claims that such solu- 
tions can be stabilised by the addition of small amounts of aqueous 
solutions of aldehydes. Treated in this way the “ acetose ” solutions 
on ‘standing show a constant viscosity and give a stronger film or 
thread. 

Patents for the production of plastics containing cellulose esters 
or ethers continue to appear, the novelty consisting in the addition 

«E.P. 200,100; J., 1923. 88.3a. 

»«U.S.P. 1,437,820-1 ; J., 1923, 91a. 

*»E.P. 187,639 ; J., 1923, 10a. 

Compks rend., 1923, 177, 124 ; J., 1923, 826a. 

E.P. 192,173 ; J., 1923, 304a. 

Cellulosechem., 1922, 3, 113; J., 1923, 140a, 

»»E.P. 200,186; J., 1923, 925a, 
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of various compounds which at present appear to bo determined 
by the method of trial and error. 

The Eastman KodaC Co. for one composition employ phenyb 
propyl alcohol as a solvent, and in another a lower monobydroxy* 
aliphatic alcohol with the addition, for example, of furfural. 
Filrn^ prepared from a solution of cellulose ether in an aromatic 
alcohol of the type of b^^nzyl alcohol, together with methyl alcohol, 
are found to have increased durability and flexibility, while the 
addition of various nitrogenous compounds such as methylacetanib 
ide gives greater stability and heat resistance. 

The addition of etbylenethiohydrin and its esters was pro* 
teafted by Meister, Lucius*, u.Bruning^®^ for the preparation of very 
pliable films and artificial leathers, and another series of sulphur 
compounds, viz., the mixed aromatic and aliphatic sulphones of 
the formula R.SO 2-11^, the amyl sulphone of benzene, was found 
by Kalle u. Co.^°^ to give additional softness and durability. 

Ethylidene-diphcnol is recommended^"'^ as a substitute for 
camphor in the production of a clear elastic celluloid, and again 
acetonitrile is employed i"*'’ as a solvent in t];)e manufacture of 
celluloid with camphor or its substitutes. 

An interesting study of nitrocellulose in relation to the manu- 
facture of celluloid is contributed by K. Atsuki.^"" The minimum 
percentage of camphor in 95% alcohol, which •will bring about 
complete solubility of the ester, is defined as the “ camphor number.’* 
The value of this for a normal nitrocellidose containing 11% of N 
is 8-10, a higher number being required for nitrocelluloscs con- 
taining more, or less, nitrogen than this. The minimum viscosity 
of sucli solutions is obtained wdth 35% ofr camphor in the solvent. 
For the manufacture of nitrocellulose the conditions are, first, 
solubility, i.e., maximum dispersion, and secondly, minimum 
viscosity. These conditions arc attained by using a nitrocellulose 
made from a normal cellulose wdth a camphor number as above, 
together with 80 to 140 parts of solvent, the latter consisting of 
65 parts of 95% alcohol and 35 parts Rf camphor. 


Wood, Straw, etc. 

A. C. von Euler offers a useful contribution on the quantitative 
composition of the coniferous woods. She differentiates the pure 

^‘•"U.S.P. 1,444,331 ; J., 1923, 305a. 

“IU.S.P. 1,450,714-6; J., 1923, 494a. 
i®»U.S.P. 1,460,690 and 1,460,097; J., 1923, 925 a. 
i»»G.P. «66,115-6; J., 1923, 348 a. 

««G.P. 367,560; J., 1923, 397a. 

Q.P. 368,476 ; J., 1923, 600a. 

J. Coll. Eng. Tokyo Imp. Univ., 1922, 18, 1 ; J., 1923, 263a, 
i'" Cellulo8echem,y 1923, 4, 1 ; J.» 1923, 346a. 
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wood substance from non-constitutional substances, such as fat, 
resm, proteins, and mineral matter. The wo^d substance proper she 
defines as (a) cell wall carbohydrates, ( 6 ) incrusting and interpenetrat- 
ing substances, chiefly lignin, (c) soluble tannins, colouring matters 
(usually of the flavone type), both related to lignin. Criticising 
existing methods of analysis, the author gives reasons for regarding 
the “ alcohol-resin ” as a soluble variety of lignin. In spite of 
previous recommendations she considers that insoluble lignin may 
be determined either by means of 40% hydrochloric acid or by 72% 
sulphuric acid, the results in the latter case being about 5 * 7 % higher 
owing to combination of the lignin with SO 4 H groupings. With 
both methods the acetyl grouping, which constitutes about 2 % •of 
the wood, is removed and the lignin values must be corrected 
accordingly. % 

G. J. Ritter and L. C. Fleck publish analyses of a large number 
of American woods, some not previously examined. On acid 
hydrolysis, hard woods yield a larger proportion of acetic acid thaj? ^ 
soft woods, and contain twice as much pentosan constituent on the 
average. The celluloses isolated from the soft woods retain 38-56% 
of the furfural-yielding groups contained in the wood, while the 
cellulose from the hard woods retains 60-66%. 

A study of the products obtained on the hydrolysis of white 
spruce wood by dilute sulphuric acid under steam pressure, carried 
out by E. C. Sherrard and G. W. Blanco,'®® showed that as much 
as 24% of sugars could be obtained under the working conditions. 
These were identified, and their relative proportions determined, by 
fermentation methods, mannose being the chief constituent (38%), 
followed by dextrose (29%), xylose (13%), galactose ( 6 %), arabinose 
(5%), in order. White spruce on hydrolysis gave dextrose and 
mannose in the ratio 3:1, while cotton cellulose gave only dektrose, 
the pentose sugars being absent. These facts are discussed in 
connexion with the nature of wood cellulose. The addition of 
small qdantitics of metallic^ salts, especially mercuric chloride, was 
found by the same authors"® to increase the amount of fermentable 
sugar? obtained in the hydrolysis of spruce wood, while a preliminary 
treatment of the wood with caustic soda diminished the yield and 
chlorination, followed by sodium sulphate solution, inhibited it. 

Contributions to the analytical determination of cellulose in 
wood includp R.Sieber’s suggestion'" that chlorine water can be 
employed instead of chlorine, thereby ensuring greater penetration 
of the wood and less risk of attack on the cellulose. The process is 
carried out in an open cylinder, covered at one end by a calico filter. 

J. Ind. Eng. Chem.t 1922, 14, 1050. 

* Ind. Eng. Ohem., 1923, 16, 611 ; J., 1923, 710a. 

«« Ibid., 1923, 15, 63 ; J., 1923, 286a. 

Zdlsioff u. Papier, 1 923, 8, 27 ; J., 1923, 492a. 
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L. KaJb and V. Scfioeller^^® also E. Legeler describe the use of 
phenol for cellulose determination. Phenol reacts with lignin, torming, 
apparently, a condensation product of a resinous character which 
dissolves in excess of phenol. A small amount of mineral acid is, 
however, essential for a rapid and quantitative conversion. Suitable 
conditions for working arc : wood 4 parts, phenol 50, hydrochloric 
acid 0-05, heating for 1 hour on the water bath. The results are 
concordant, but lower than tilose given by the chlorination method. 

C. G. Schwplbc^^^ states that up to now there has been no simple 
method of obtaining a (wood) cellulose free from lignin and pentosans. 
He finds, however, that heating with magnesium sulphite solutions 
ii^the presence of lime cfi* magnesia effects the complete removal of 
these substances. 

^ volumetric method for determining the proportions of a-, jS-, 
and y -cellulose in a collulosic material is described by M. W. Bray 
and T. M. Andrew s.^^^ The authors state that a solution of cellulose 
in 72% sulphuric acid is oxidised by potassium bichromate. The 
*bichromatc solution is standardised against 1 gram of pure cellulose, 
the a-precipitatc dissolved, and estimated against this standard; 
the p is precipitated and removed, and the y determined also with 
bichromate, the quantity of jS being found by difference. It is 
claimed to be a quicker and more accurate process than the 
gravimetric one, and deserves a trial. • 

Lignin. 

A great deal of attention has been devoted to the chief non- 
cellulosic constituent of woody fibres, lignin or lignone. This sub- 
stance can be obtained (a) by the action of alkalis — a method of 
extraction, (6) by the action of highly concentrated hydrochloric 
acid^Willstiitter), which' hydrolyses the cellulose to soluble products, 
and (c) as a sulphonic acid by the action of bisulphites. In each case, 
however, it suffers more or less change in the process of isolation. 

E. Beckmann, 0. Liesche, and F. Lehmann have, made an 
exact study of the first method, examining the lignins from various 
straivs and woods. The action of the 1*5% sodium hydroxide was 
examined under conditions of increasing severity as to tem^rature- 
and pressure. With the straws, the methoxyl content reached its 
highest value in lignins isolated by boiling for 6 hours under a 
reflux : with woods, 6 hours at 90 lb. pressure was needed to give a 
product of maximum methoxyl content. With increasing tempera- ^ 
ture all the products became darker and less readily soluble in 
selected solvents. On demethylation with hydriodic acid, a straw 

^ CeUiOosechem., 1923, 4, 37; J., 1923, 881a. 

61; J., 1923, 882a. 

G.P. 378,260 ; J., 1923, 1017a. 

Eng. Okem., 1923, 15, 377 ; J., 1923, 546a. 

^•Biochem. Z&Us., 1923, 189, 494 1923, 970a. 
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lignin gave a compound CggHaftOrtl, while pine Vood lignin gave 
the more complex aubslanco CiogH^gOjal. 

F. Paschke^^’ finds that straw lignin conUcnscs with aniline to 
give a product containing three molecules of aniline to one of lignin, 
and adduces other evidence for the ‘‘trivalent'’ character of lignin, 
pomting to the presence of three carbonyl groupings. *Tho 
aldehydic character of straw lignin is further supported by the fact 
that in dilute alkafine solution it has a' genuine tanning action quite 
unlike that of sulphite liquor. 

C. F. Cross and A. Engclstad^^^in this connexion claim to prepare 
a hgnone-containing liquor which has a definite tanning action by 
treating waste wood with six times its weight of 7% sulphurous aoid 
under pressure, neutralising, and concentrating the liquor in a 
vacuum. • 

The lignin isolated with the aid of highly concentrated hydro- 
chloric acid continues to be actively investigated. E. Heuser and 
A. WinsvokP^'-^have examined the products obtained by fusion with ' 
potassium hydroxide. Below 240" C. lignic acid is the chief productr 
but at 280” this is^largely decomposed into phenolic substances. 
Oxalic acid is shown to be a by-product, since if the heating is carried 
out in an inert atmosphere the amount of it formed falls to zero 
while that of the phenols correspondingly increases. Pk’oto- 
catechuic acid is t4ie jirimary phenolic product, the catechol present 
in the melt being derived from it by loss of carbon dioxide. The 
metals, iron, nickel, etc., have an important influence in varying 
these secondary dicompositions. 

F. Fischer, H. Schrader, and co-workers in a series of communi- 
cations only recently avuilable,^^® have studied the oxidation of 
lignin and of cellulose with water and dilute^lkalis under fairly high 
pressures. From lignin with 40 hours’ treatment mellitic#tacid, 
benzenepentacarboxilic acid, and oxalic acid were obtained. Under 
different conditions benzoic, humic, and isophthalic acids were 
isolated.* 

It is known that the ligyiin isolated by 45% hydrochloric acid 
readily^ yields furfural. E. Hagglund^^i shows that a carbohydrate 
is present and identifies it as arabinose, present to the extent of 
about 4*5% of the lignin. He regards it as an integral part of the 
lignin complex, from wliich it can be removed by digestion with 
, cold concentrated acid. The niethoxyl content of lignin freed 
from carbohydrate is 15*2%. 

K. Kurschner^^^ comes to similar conclusions. Lignin, after 

iw 1923, 4, 31 ; J., 1923, 650 a. 

“8E.P. 202,010; d., 1923, 971 a. 

Celluloscchem., 1923, 4, 49, 62 ; J., 1923, 492a, 883a. 

12® to. Abhmidl Kennt. Kohk, 1921, 6, 221, 311, 332 ; J., 1923, 140a. 

Naturprodukk, 1923, 24, 35 ; 1923, 970a. 

36; J., 1923, 970a. 
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]>roloiigod troatm^nt ^vith concentrated hydrochloric acid, contains 
no free pentosans. On liydrolysls, liowovcr, furfui’al slowly 
appears, indicating Unit a xylaii is i)art of the comjdox. Xylose 
was detected both in sulphite cellulose liquors and in lignic acid 
from the soda process. 

CV)ntinuing his research'^'s on the constitution of pine lignin, 
r. Klason^^^ gives the revised formula instead of 

previously given for the jS-j.gnin isolated as sulphonic acid from 
bisulphite liquors. The a-lignin he regards as formed by the 
condensation of two molecules of eoniferyl alcohol, two hydrogen 
atoms changing their position, leading to the formula 

CH CHAr.CHrOH CH n.OH : CH.CTIO 

I! II I 

('(OH).C{OMo)-rFr (>-C(OMo) (^H 


A study of the comparative distillation in a vacuum of cellulose, 
lignin, and resin-free wood carried out by F. Fischer and H. Tropsch'^'* 
proves that lignin gives no /-glucosan. The distillates from wood 
•are more acidic than those from cellulose or lignin. These obser- 
vations are claimed to indicate that lignin during preparation 
probably suffers hydrolysis of its acetyl groups* and tliat there is no 
structural similarity between cellulose and lignin. 

The wdiole of this more recent and previous work is admirably 
collated by W. Schrauth,^25 develops a con^ititution for lignin 
which, giving as it does full w’^eight to all the various observations 
recorded, should be employed by workers on this subject as a basis 
of criticism and research. Recalling the experiments made by 
WilLstiitter and Kalb^^® on the exhaustive reduction of lignin by 
means of hydrogen iodide, he deraonsU-ates the great similarity 
between a hydrocarbon CjgH^Q isolated by them, and a synthetic 
hydrocarbon prepared by himself of formula I., corresponding to a 
completely saturated hydrogenation j^roduct of 9.10-benzophenan- 
threnc. 8chrauth considers that such a structure could arise in the 
plant by the condensation of 3 molecules of 5-hydro:5:ymethyl- 
furfuraldehydo, giving a derivative Cj^HjgOg (corresponding to the 
COMo CH 






0 /\COMe 

A 




COM© 


I. II. 

half of formula II. above). Such formulae contain CO.CH 2 groupings, 
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and if it be assumed that the four such groupings in formula II. 
are methylated in the enolic form and the elements of hydro- 
chloric acid added at the double linking, we' obtain a substance of 
formula €40114 gOnCI identical with one isolated by Fischer and 
Schrader from wood substance and containing 13 ‘ 3 % of mcthoxyl. 
The agreement between such a formula and the compounds 
isolated from the calcium bisulphite liquors by Klason and others 
is also demonstrated. 

Investigations at present in progress lead the present writer to 
give support to such a ring system formula for lignin. He would 
point out a possible* resemblance between lignin and cholesterol and 
phytosterol, which are known to contain several hydrated rings 
and in consequence resist all but the most powerful oxidising and 
reducing agents. % 


Wood Pulp. 

Among other possible sources for wood pulp manufacture, talipot 
palm leaf stalks and elephant grass from Uganda and Nigeria 
have been examined by the Imperial Institute. The former is 
not suitable for white paper, but the latter proves very satisfactory. 

Patents have been granted also for the production of cellulose 
suitable for paper making from potato tops,^^® reeds, banana 
‘‘ trash,”^®® straw and maize stalks.^®^ Sugar cane bagasse and rice- 
straw have been reported upon for the same purpose. The 
importance of establishing a pulp and paper industry in Australia 
has led to a comprehensive study of many Australian woods not 
hitherto examined.^®® The soda process was employed, and trials 
made on a commercial scale showed that a number of eucalypts in 
particular gave very suitable pulps at an ultimate cost of about 
£10 to £12 per ton. 

Several new processes for the isolation of cellulose are to be noted 
in which chlorine or its oxides are employed. J. F. Clerc^®* describes 
the De Vains method whcrqby bamboo, straw, etc. is treated with 
chlorine water, the solution, together with the bleaching powder 
subsequently necessary, being prepared on the spot from chlorine 
madf by the electrolysis of salt. This has now been applied on an 
industrial scale. 

^ Bull. Imp. Inst., 1922, 20, No. 3 ; Chem. and Ind., 1923, 432. 

1923: 646a. 

Ibid., 1923, 493a. 

Ibid., 1923, 447a. 

Ibid., 1923,712a. 

H. Kumagawa and K. Shimomura, Z. angew. Chem., 1623, 86, 414 ; 
J., 1923, 924a. 

L. R. Ben jamb, Commonwealth of Australia, Inst, of Set. and Ind», 
Bull. No. 26, 1923 ; J., 1923, 923a. 

Papierfabr., 1923, 21, 201 ; J., 1923,J7I0a. 
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H. P, Waentig'and J. 0. W. Gieriscli^® expose wood chips etc. 
after alkaline preparation, to an atmosphere of chlorine gas under 
a pressure of 6 atmospleres. The cellulose bleaches easily and gives 
solutions of high viscosity. F. Kiittner, E. Sidler, and •others^®® 
state that in such chlorinations the gaseous hydrogen chloride 
produced is never in a concentration greater than 10%, which makes 
it useless for technical purposes. By introducing an oxidising 
agent, such as ozone or hyoiogen peroxide, with the chlorine, not 
only is the time of chlorination reduced, but the exit gas will 
contain as much as 20% of hydrogen chloride, which can be utilised. 

In connexion with sulphite pulp attention may be directed to an 
important work by R. lAeckmann, “ Die Fabrikation des Zellstojffes 
aus Holz Sulphitzellstoif,” Eisner, Berlin, 1923.^®’ The book is 
comprehensive and concludes with a description of the design and 
lay-out of a modem factory to produce 25 to 50 tons of pulp a day. 
On the engineering side of pulp production we note the scheme of 
A. Olier^®® for the digestion of fibrous materials, washing, bleaching, 
Ifefining, and delivery to a paper-making machine in one con- 
tinuous operation. All the chemicals used ^re recovered and 
regenerated electrolytically. The continuous digestion of fibrous 
materials under pressure is described also by R. Fournier,^®® and an 
economical process for grinding paper pulp by introducing com- 
pressed air into the stuff during admission the beater by 
A. E. Ryberg and P. C. Schaanning.^®® 

Statistics showing the yields of cellulose and the consumption of 
material and power in the various processes are given by B. P. 
V. Ehrenthal.i*^ 

The influence of the grinding temperature on the properties of 
mechanical wood pulp has been studied by J. Teicher,^®® who finds 
that as the temperature at which the pulp is ground increases, the 
tenacity of the paper made from it increases also. Maximum 
tenacity was obtained with pulp ground at 57° C., above which 
temperature a decided fall in tenacity took place. • 

Analytical methods for the control *of sulphate and soda ptdp“ 
mill processes are described by R. Sieber,^*® while the chemistry of 
the soda process for the production of pulp from aspen, loblolly 
pine, and jack pine has been carefully examined by S. D. \^%lls, 
R. H, Grabow, J. A. Staidl, and M. W. Bray.^®® Their maximum 
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working pressure of 100 lb. is reached in 1 hour. After 2 houi’s 
90% of the cooking has taken place, and fifom 15 to 30% of the 
cellulose originally present has been lost. Pentosans, in the case of 
aspen, decrease in amount during the first two hours, but then 
remain constant, indicating the presence of a resistant pentosan 
grouping in aspen w^oocl. With the pine wood pulps beating fests 
show that drastic cooking with excess of soda leads to a high 
bursting strain and tensile strength . Long cooking with the smallest 
possible proportions of soda develops tearing and folding qualities. 
By the addition to the boil of 2 lb. of sulphur (to 100 lb. of wood)^^^ 
the digestion is more rapid, the loss of cellulose is reduced, and the 
pulp is easier to disintegrate and bleaches with one-half the con- 
sumption of bleaching powder. Paper made from the sulphur- 
soda pulps gives greatly improved strength tests and tearing Mid 
folding values. 

Another contribution to the chemisti’y of this process is furnished ^ 
by S. S. Aiyar,^^® who has measured the distribution of methoxy’ 
during cooking for various periods. He concludes that all the 
methoxyl is associated with lignin and that, with his conditions, 
cooking for longer than two hours is unnecessary from the point of 
view of the removal of non-cellulosic material. 

In the case of giulphite pulp the factors afTecting llie (quality and 
yield of pulp are discussed by B. Johnsen and H. N. Lee,^^*^ who 
point out that dense w ood increases the capacity of the digester, 
allowmg of longer cooking and lower temperature with an increased 
yield. Decay lowers the density of w'ood with diminished pro- 
duction. While most fuqgi causing decay diminish the cellulose, the 
ixmgVi^Trameks f ini increases the cellulose content 15%, diminish- 
ing the lignin by 30%. E.P. Cameron^*® points out the important 
influence of pressui'c on the strength of test sheets prepared for 
testing pulp for strength, and slates that this factor should always 
be specified. 

In the matter of bleaching, some careful work by C. G. Schwalbe 
and H. WenzD^^ on the bleaching of sulphite pulp may be noted. 
The ash of the bleached pulp was very much lower when the pulp 
had been drained and washed in the centrifuge, than it was with 
pulp drained without centrifugal action. A great advantage in 
time, quality^ and yield was obtained by bleaching at 30°-35° C., 
preferably with free circulation of air. It was found that during 
bleaching there is a continuous formation of carbon dioxide, which, 
if not removed by heating and agitation (aeration), combines with 
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the calcium hydroxide present, forming bicarbonate. This substance 
acts as a “ buffer ” ai^d gradually stops the bleaching action. ' 

E. Heusor and W. Nicthammer^^® find that by treating sulphite 
pulp first with chlorine water, then with dilute alkali, add finally 
with ordmary bleach liquor, the total amount of chlorine required is 
only one-half of that requiied with the ordinary bleaching i^owder 
bleach. 

Waste Liquors. 

The important problem of the concentration of waste liquors is 
fully considered by K. L. Tlmnholm,^^^ who describes the working 
outlie heat-pump Fystcih.^®^ The evaporation takes place in thin 
annular layers, so that the vapour pressure of the liquid at the 
evaporating surface is practically the same as that at the heating 
surface. The whole design is based upon Avorkiiig at the smallest 
jjossible temperature difl’erence, so that the temperature increase 
imparted by the compression pump to the vapours may be kept 
^own to a minimum. 

By treatment of concentrated sulphite cellulose lyes with chlorine 
gas A. Schmidt obtains compounds containing 20-30% of chlorine 
suitable for tanning materials or resin substitutes. M. Melamid,^®^ 
by a process of hydrogenation, converts a liquid resin, “ talloel,” 
produced in the sulphate process, into a substitute for fatty acid 
oleins for the treatment of textiles. 

A large number of communicatioiLS deal with the analysis of 
waste liquors. Thus It. 8icbcr^^^ gives a very full and j)ractical 
account of the analytical methods needed for the control of sulphate 
and soda pulp mills, w^hich should be react by those interested, and 
also a method for the determination of bases in sulphite liquors 
prepsft'ed from dolomite.^^® A. Sander^"'’ notes that calcium 
sulphate is very much more soluble in sulphite lyes than in water, 
some samples of lye containmg as much as 4 grams per litre ; he 
gives a method for its determination^ For the determination of 
sugar in sulphite liquors M. Klcinstiick recommends the use of 
an alkaline mercuric cyanide solution as simple and convenient. 

An increased production of alcohol by the fermentation oisul- 
plute cellulose waste lyes is claimed by C. Jacoby if absorbent 
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substances, such as kaolin, humin, etc., be added to the lyes before 
neutralisation and filtration. E. Hagglund^®® has also studied the 
production of alcohol from these liquors. He finds that during 
fermentation a hydrogen-ion concentration of 4-0-4'5 is main- 
tained and this is irrespective of the initial hydrogen-ion concen- 
tration of the liquid. The optimum for alcohol production is 
Ph 5*0-6*0, the yield of alcohol varying from 0-5 to 0-8 gram per 
100 c.c. As is well known, this alco}?ol contains acetaldehyde, and 
Hagglund states that the amount of this depends upon the hydrogen- 
ion concentration before fermentation begins, the quantity formed 
increasing up to a certain point as this initial concentration increases. 
A. W. Owe^®^ notes that a sulphite spirit gave on fractionation a 
product b.p. 101 °- 102 °, which consisted almost entirely of acetal. 


Paper. 

The problems associated with sizing have been exhaustively 
dealt with by W. Ostwald and R, Lorenz who from sodiun* 
resinate obtain a 7 -pinic acid m.p. 75° C. Dehydration of this 
leads ultimately to^an abietic acid m.p. 161°, so that there exists a 
series of acids varying in hydration between these two well-defined 
substances. Possible sizing media are comprised between neutral 
sodium abietate^and the colloidal hydrosol of abietic acid. The 
latter shows the properties of a suspensoid, and commercial size 
“ emulsions ” are shown to be really suspensions of abietic acid in 
its molecularly dispersed sodium salt. Both colloidal abietic acid 
and paper pulp are shown to be negatively charged, so that a 
permanently sized paper cannot be made by precipitating the size 
with acids alone. Permanency is secured when the condition is 
isoelectric, i.e., when the positive charge of the aluminium hydroxide 
present is equal to the negative charges of the abietic acid and the 
pulp. In the bollander the sulphuric acid liberated from the 
aluminiym sulphate balances the peptising influence of the sodium 
hydroxide from the sodiuD»resinate. Very interesting observations 
on the flocculating effect of electrolytes on abietic acid and the 
influence of various additions, such as casein, are described in these 
interesting communications, which are an excellent example of the 
application of refined scientific technique to a commercial problem 
of high impcrtance. 

N. D. IvRnoff^®® has also studied the hydrolysis of rosin size 
emulsions. His results show that the more dilute the size emulsion 
the more complete is the hydrolysis of the sodium resinate. An 
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omulsiuu cuiitaiiihig normally 40% of free rosin at a dilution of 
1 part in 2000 (approximately the dilution in the beater) was so 
altered by hydrolysis*that 95-5% of the rosin existed in the free 
state, although in the presence of excess of sodium hydn)xide. 

On the technical side we note claims for the application of montan 
wax* emulsions as givmg a uniform sizing,^ and the use of neutral 
or basic aluminium chloride as an efficient and cheap substitute for 
the sulphate in resin sizing.’ ^ 

T. Bohme, A.-G. Cliom. Fabr., G.P. .*i{54,0()l) ; J., 1923, 4t7A. 
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BLEACH! NO, DYEING, PRINTING, AND 
FINISHING. 

By M. Fort, M.Sc., F.I.C., 

Ilmiiingloiverfield Bkachworhs, Perth, 

The industries represented by this section, in common with many 
others, have suffered from financial stringency and bad trade 
during the past year, and this condition of things is natunJly 
unfavourable to the rapid development of inventions and improve- 
ments entailing large outlay. 

Its many sub-divisions, and intense specialisation along narrow 
lines, coupled with large output, are the chief characteristics of the 
British textile industry, in marked contrast with those of most 
countries. These characteristics lend themselves to the intro- 
duction of secret improvements which may evade any mention in 
technical literature for a long lime ; most of them, perhaps, are not 
of a very high order of invention, considered as ideas, but in practice, 
when coupled with large productive capacity, they are capable of 
yielding in the aggregate a considerable advance, due to a steady 
increase in the standard of technical performance, already high, and 
thus becoming almost imperceptibly higher as time passes. The 
powerful combinations connected with these industries are by no 
means favourable to publicity as regards their technical methods, 
and, generally, among trusts, firms, and individuals, specialised 
technical knowledge and technical skill are more strictly guarded 
and jealously conserved than is commonly assumed. 

With •the advent of the Research Associations, and a greater 
tendency to regard chemists as desirable, if not yet entirely 
necessary items of equipment, there is a greater likelihood that 
patent and technical literature will become more scientific, repre- 
sentative, and reliable as a record of progress. It is important to 
remember, however, that a long time must yet elapse before any- 
* thing like th*e standards of judgment applicable to work in the 
domain of pure chemistry, or even ’in industries which depend on 
known chemical reactions and deal with well-defined products, can 
be adopted for use in this field, where limitations to the application 
of scientific knowledge and method abound, owing to the very 
incomplete knowledge we possess of the principal materials, and 
the arbitrary standards of taste and requirement for which these 
industries cater. The technical importance of new work in Urn 
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field, as in others, depends in the last analysis on the production of 
wealth, and chemistry is only a part, and often too small a part, of 
the equipment. It is^ almost impossible to convey to the pure 
chemist a due appreciation of the work which is usually a«counted 
greatest in this field. One has only to think in this connexion of 
the tochnical significance of Lowe's stretching of cotton while under 
the well-known influeneo of caustic soda, or Schreiner’s particular 
modification in the u&o of ..n engraved calender. As scientific 
inventions, neither can be rated high ; as technical inventions, both 
were revolutionary. The real skill and intellectual effort of the 
inventor are demanded for improvising the new technique for 
rendering his ideas assim.iable by one of lliese indu.^tries. “ Who^ 
over invented the spinning, Arkwright certainly had the merit of 
performing the most difficult part, which was the making it useful ” 
(James Watt, in a recently published letter).^ 

Most textile chemists are familiar with the apparent lack of 
, novelty in many patents and also much that appears as claiming 
-^/riginality in the technical literature. In many cases these claims 
to notice are made in ignorance of what is known elsewhere. In 
certain other cases they may represent an attempt to obtain some 
measure of protection or priority claim for a real achievement, 
such as the “ making useful ” of some known but hitherto 
impracticable idea. A satisfactory ))alent involving improvements 
in textile-chemical processes is usually difficult to draft, and in some 
branches, e.q., mercerising, incurs often so many disclaimers as 
to make it almost impossible to obtain protection for what may be, 
in fact, a new and practical process. 

First-rank discoveries and “ key-patent.” inventions are of rare 
occurrence in the industries covered by this report, the promoting 
causes^ of what visible changes there are being usually not far to 
seek. If the bona-fide first-rank originator is not conspicuous in the 
ordinary year's report, there are, however, important places in 
these industries both for the research chemist’s patient inve^igations 
and the technical chemist’s skill in ovefcoming obstinate economic 
and technical difficulties in the way of “ making useful ” a great 
many conceptions which previously have failed to justify their 
adoption in practice. Literary distinction and academic honturs 
fall most often to the successful research chemist in this, as in other 
fields. The triumphs of the technical chemist mere often are 
reflected in balance sheets, by ihe state of which most of his work 
must be governed. The writer cannot hope in this report to 
conceal altogether a technical chemist’s bias of the kind exhibited 
in the above quotation from James Watt, who laid the foundation 
of modem bleaching methods in this country, by “ making useful ” 
some well-known properties of chlorine. 

^ Glasgow Herald, Oct. 19th, 1923. 
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Scouring and Bleaching. « 

Iji eojinoxioii with this }>ranch of textile ^chemistry, it should be 
noted that P. H. ClifTord and R. G. Fargher^ have investigated the 
volatile ^products from American cotton treated with water and 
also with 2^)0 caustic soda at 40 lb. pressure. In both cases acetone 
was a principal ingredient in the distillate, and in the latter ease 
methyl alcohol also, from which it is suggested that pectin is present 
in cotton. 

In a noteworthy paper, ^ R. G. Fargher and M. E. Probert describe 
a study of the constituents of a benzol extract of American cotton. 
The work is of great interest in respect of the variety and character 
of the many constituents identified in the wax obtained, includihg 
a new alcohol, gossypyl alcohol, as the principal eonstitutent. The 
value of the work, however, appears to have been deprecideed 
unnecessarily by the use of an extraction apparatus into which live 
steam was blown during extraction. The writer has worked solvent 
extraction on a large scale for several years, as an adjunct to the 
bleaching and finishing of cotton and linen cloth, and may say 
that this extractioai method could not give anything like a full 
yield of extracted wax, and the authors’ figures showing only 
8 lb. of wax from two tons of cotton confirm this view. While the 
value of the research must have been greater if the whole of the 
wax available had been extract<ed and used for the investigation, 
the extent of saponification and chemical change also caused by the 
presence of live steam is unknown, but must have been considerable. 
Further evidence that mechanical and chemical disintegration of 
cotton result in increased yields of extract with organic solvents is 
provided by E. Knecht and B. H. Streat.'* 

The WTiter has contributed a further papor'^ on the only large- 
scale introduction of solvent extraction in connexion with the bleach- 
ing and finishing of cotton and linen cloth which has yet achieved 
continuous working and economic justification. The paper w^as 
written under obvious restraints, and the writer has no means of 
knowing whether its contents are w^orth more than mere mention 
here. • 

With the exception of the work of P. H. Clifford and R. G. 
Fargher, mentioned alrciady,^ there is little connected with ordinary 
boiling to report. The limits of treatment on the lines of increasing 
pressure and* temperature have lon^ ago been reached, without an 
understanding of what actually takes place to produce the improve- 
ments thus gained having been obtained. In the paper® referred 
to, the writer claimed that the presence of undecomposed nitro- 

t 
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genous matter in kior liquors, throughout the boil, indicates that 
priority in importances should bo assigned to the dissolving action 
of the alkaline liquors during the boil, over their decomposition of 
the nitrogenous matter with elimination of nitrogen, although the 
kierjioil acts in both ways. The writer finds it possible, along 
other linos than those of orthodox scouring, to obtain complete 
removal of nitrogen without ny boiling of either linen or cotton. 
A system of laundering has been jirotected in which most of the 
soap ordinarily used is replaced by a soluble phosphate.® If 
laundritis can bo induced to adopt such mild methods, at a greater 
cost, the work of the b^acher s chemist in investigating cases of 
damages whicli sometimes appear in goods after a period of use, 
will be greatly reduced. Similar reasons exist for interest in the 
recent controversy among Crcrman textile chemists, produced by 
P. Hoermann's advocacy^*® of a more extensive use by laundries of 
limited bleaching treatments, with hypochlorites or ozone, in place 
■t)f the much-favoured hot alkaline soap-bath, containing “ per- 
compounds ” to promote oxidation, which is stated to be twice as 
destructive in jjraetice as Heermann's bledching treatments. 
W. Kind® and others^^ have upheld the use of “ per-salts ” and 
criticised Heermaim's conclusions. The writer has had ample 
evidence of the d(ist ruction of cotton and linen injauudries by the 
hot alkaline “per-salt ’'treatment, and may instance cases in which 
linen has decreased 40% in weight under this treatment, during a 
period of use which should not have caused a third of this loss. 
Copper figures caiuiot reflect adequately the progress of this kind of 
damage, as the products of oxidation ii^e dissolved in the hot 
alkali as they are formed and attenuation of the fabric proceeds 
steadily with no very obvious signs of injury, except decrease in 
weight and strength. On the other hand, the introduction of 
stronger bleaching agents into laundry practice would lead to still 
greater abuse of fabrics, as the skill for their pro 2 }er use i^ wholly 
lacking at present. Heormami’s statwnent that linen is more 
susceptible to deterioration than cotton is absurd as regards 
rational usage. One reason for the greater durability of liifen is 
that dirt is far less persistently retained against washing tha^ in 
the case of cottt)n, and a more limited mechanical treatment, 
therefore, suffices to cleanse it. , 

Quahtative tests for distinguishing the por-reageAts used in 
tvashing ])owders arc given by A. Blankart.^^ A filtration 
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method, providing a “carbon number,” for use in estimating the 
detergent power of soaps, is described by*J. W. McBain, R. S. 
Harbome, and A. M. King,^^ ^nd F. E. Hartman has given inter- 
esting information about industrial ozone generators 

As regards bleaching proi)er, an unusually detailed and accvrato 
account of the methods mainly in use for bleaching yarns of flax 
and other bast fibres, is given by E. Clayton.^^ An important 
consideration in this class of work is the loss of weight which accom- 
panies the production of a particular standard of bleach. Linen 
ordinarily loses about 2*5-30% of its weight in bleaching to a full 
white, and this represents the wastage unavoidable in obtaining 
what is practically pure cellulose. Much has been written on the 
very real dangers of attempting to coiLserve the weight during blef^ch- 
ing by retaining a propoilion of non-cellulose impurities. Textile 
chemists have been unanimous in regarding practically pure cellulose 
as the ultimate aim in bleaching cotton or linen white, to attain the < 
valuable qualities reflcctc'd by a low copper figure, abscTice of 
nitrogen, low alkali solubility and ash content, and absence of wax, 
lignin, and traces of retained chemicals. During the year, however, 
a considerable departure from standard practice has led to the 
production of a type of bleached linen of good quality by the above 
tests, yet weighing 15% more than is usually the case. 

From close association with the new ])roduct the writer can state 
that this extra weight is conserved from the original linen by 
selective removal of the non-cellulose constituents of linen, but the 
bleached product is of the highest class in respect of durability in 
use and low nitrogen, wax, lignin, and ash contents. The copper 
value and solubility in hot washing soda arc low, but on treatment 
with boiling caustic alkalis a heavier loss in weight occurs c with- 
out undue discoloration or wastage of cellulose. While no descrip- 
tion of the method by which this result is obtained has been 
given, it# may be said that the time was ripe for a departure fi‘om 
stereotyped bleaching methods, and during recent years signs have 
not been lacking of a desire to get away from the obsession that 
increased severity in kier-boiling was the foundation of progress in 
blearing. Solvent extraction, from being a vague possibility, has 
become, in one works at any rate, a part of the bleacher’s equipment 
for dealing perfectly, when desired, with unsaponifiable waxes, 
which no pennissible kier-boiling could wholly remove. The use of 
pancreatic enzymes for elimination of nitrogenous matter and fats 
has been patented by 0. Rohm,^® while de-sizing with malt and 
other diastatic preparations has long been incorporated i»to common 
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practice. Continental bleaehers have experimented considerably 
with bleaches short of full white, in which a considerable proportion 
of non-collulose matter has been retained, and a succession of 
patents from abroad testifies to their continued interesl in this 
matter. Their producis, however, are usually characterised by 
inability to reach the standard claimed, or to withstand a careful 
comparison by moans c? the ^)sts named, and in storage and use, 
alongside a pure cellulose product. Recent patents showing a 
tendency to av oid undue loss in weight in bleaching include those 
of C. Bochter,’® who claims to bleach linen, without the usual kier- 
boiling with alkalis, by bivling under pressure with dilute bisulphite 
sohitions, followed by oxidation treatment of the usual type. 
Later, he has proposed to add volatile bases to the bisulphite 
solfltions,^’ and in another patent, to shorten the bleaching process 
for cotton by the use of 0*05- 0*1% of sodium hydrosulphite added 
to caustic lye in kier- boiling.^ 

^ The perennial controversy on the inner mechanism of bleaching 
by means of hypochlorite baths, which bids fair to rival the theory, 
of dyeing and the theory of the relation betwetn constitution and 
colour, as a field in which perpetual warfare reigns and no complete 
victory is ever secured, has not resulted in much published work 
this year. 

Bleaching, like dyeing, involves the interaction of known reagents 
with fibre-constituents about some of which very little positive 
information has been gained. Some experiments by which S. R. 
Trotman^® claimed to demonstrate the superior properties of 
hypochlorous acid over bleaching iwwder solutions, modified in 
various ways, when applied to cotton, have been criticised by 
R. L. Taylor.^ Taylor maintains that the “ hypochlorous acid 
of Trdtman contained a hypochlorite as well, hence the superior 
whites. Without endorsing all Taylor’s views, the writer regards 
his work as of great importance. Although handicapped by his 
position of isolation from industrial practice, Taylor has iJeen first 
to recognise certain distinctions in the behaviour of the different 
colouring- matter of fibres, and the great importance of unctecom- 
posed hypochlorite in stimulated bleaching-solutions — both matters 
of considerable practical importance. * 

A new patent,2i however, claims that the use of an excess of 
mineral acid for stimulating hypochlorite bleaching-solutions is 
justified, as it is found that the liberated hypochlorous acid bleaches 
faster than it decomposes to waste, so that an actual economy can 

E.P. 1^0,325 ; J., 1923, 54Ca. 
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i«E.P. 182,776 ; J., 1923, 971a. 
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be gained by over-acidification. The use of liquid chlorine has 
extended in the paper trade, where consjjmption is large, but 
bleachers of textiles have not yot shown much eagerness to adopt 
this artfclo for use. The greater convenience offered by liquid 
chlormc is largely offset by the cost and greater risks attached to 
its use, and the necessity for some outlay before adoptmg it. 
Several new patents bearing upon its use are as follows : one for 
production of bleaching liquor from *milk of lime,-^ a chlorinating 
apparatus 23 of notew^orthy construction, a i)roposal to effect 
chlorination of alkalis while jiassing through a centrifugal pump,^^ 
and a closed chamber a]iparatus with wagon containers in which 
fibres can be treated with a gas under pressurt'.^j * 

E. Kneclit and J.P. Egan^^ have contributed data relating to the 
loss in strength, cop])cr number, and oxygen consumption of cotton 
treated with solutions of hypochlorous acid, bleaching powder, and 
permanganate. When originally proposed as an index figure for 
bleached cellulose fibres by Schw^albe, it seemed as though the, 
copper value would prove to be of the greatest use, especially to 
the bleacher’s chemist. It is now^ becoming apparent that while 
the cojiper figure, wdien high, may give positive evidence of great 
value, its value as negative evidence when iow^ is much less, unless 
it be coupled with full knowledge of how far the jiroducts of 
oxidation of cellulose, wdiich a copper figure should represent, 
have suffered removal by the action of alkali, which may bo 
effective enough even in a solution of bleaching powder to affect 
the copper figure adversely. The writer long ago imposed severe 
limitations upon his own use of, and deductions from, copper 
values, which are most siinply “ present state of oxidation ” values, 
and any fuller extension of significance requires a great deal more 
care than is commonly given before it can bo accepted.* The 
Methylene Blue test for over-blcachmg may fail also owing to 
intervening alkaline action having removed the oxidised matter. 
The fault of such wrong interpretations lies of course more with the 
individual than with the test; but what is wrong when one may 
search«the literature without gaining any very clear ideas as to 
what distmetion can be made between the behaviour of hy- 
dratM cellulose, hydrocellulose” and “ oxycellulose ” towards 
Methylene Blue ? 

C. Birtwell,* B. A. Clibbens, and B. P. Ridge 2’ now state also 
that the extent of absorption of Methylene Blue by cotton depends 
on the fibre’s origin, and the content and alkalinity of its ash. Hence 

22Chem. Fubr. Griosbeim-Eloktron, G.P. 368,801 ; J,, 1923. 397a. 

J. W. Vim Meter, E.P. 201,214 ; J., 1923, 92 Ga. 
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the scouring treatment given in bleaching affects the absorption of 
this dye, while residuQg of protein, pectic matter, soap, and oleine 
increase absorption. There is great need of better tests, and an 
important discovery by A. H Everest and A. J. Hall-®* appears 
likely to lead to a more useful means of distinction than has hitherto 
been* availa})le for oxy cellulose,” which, it appears, develops a 
strong coloration Avher. tn ^d with tetrazotised benzidine in 
presenc'c of alkali, Avhile “ hydrocellulosc ” reacts very little, and 
normal cellulose and iiKUccrised cellulose not at all. No doubt 
variations in the amount of alkali, and other conditions, such as 
impurities in the fibres, will affect the results, but there seems no 
rccfsou why this test shoulcl not be improved to give at least approxi- 
mately ([uantitative results, and })erhaps something much better 
thafi anything we have now could be evolved out of it, to the great 
benefit of all avIio deal with cellulose fibres. 

Peroxide bleaching is more extensively used in laundering, and 
ior bleaching of wool, than in (competition with hypochlorites, but 
it has uses in many connexions, and an interesting description of 
suitable methods and ajxparatus is given by I. K. \Vebcr.2^ It has 
been ])atented to use nickel, wiiere metal is rccpiircd in the con- 
struction of a])i)aratus for peroxide bleaching,®^ and to bleach •svool 
by means of i)eroxid(‘S by immersion, s(pieezing aijd letting lie, and 
stoving without washing.^^ 

Thercc is no important new' feature to record in connexion 
with the scouring and bleaching of w'ool or silk. 

S. H. Higgins has contributed a series oi histojical ])apers relating 
to the dcvelopimait of bleaching,®^ and J. F. Corrigan a paper®® in 
the same category, to which there are few contributors. 

• Merceiusatio^ a]S]) Allied Processes. 

A useful review of the literature relating to this subject has 
l)een made by 1). A. Clibbens,®'* one i-elating to lustring in general 
by A. Addcu’ley®^ and another dealing ivith the swelling o^ cotton 
cellulose by C. E. Collins,®® all these being part of the work of the 
British CoHon Industry Research Association. A lectule by 
C. Tagliani®^ also covers a good deal of the same ground. 

J. Sue. Dyen- and (W., 1923, 39 , 47 ; J., 1923, 219a. 

Ibid,, 1923, 39 , 2(t9 ; J., 1923. 82()A. 

““ Deutsche (Jokl u. Silbcr-Scheitleaustalt and A. ,Scluiidhauf. E.l*. 188, SI I; 
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=*1 D. and CJ. Mclntoslj, E.l'. 19(),()03 ; .1., 1923, atOA. 

“V. Text. Lust., 1923, 14 , 209, 277, 319, and 441 t ; also Clum. and Ind., 
1923, 102G. ^ 

J. Soc, Dyera and Col,, 1923, 39 , 277. 

• J. Text, Inst,, 1923, 14 , 217t. 

Ibid., 249t. 

Ibid., 264t. 
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Of new work, that of C. P. Nodder and R. W. Kinkead,®® dealing 
with the mercerisation of flax and other bast fibres, is a noteworthy 
contribution from the Flax Industry Research Association. The 
literature has hitherto proved inadequate to explain satisfactorily 
the almost complete failure to apply mercerisation to luicn in 
practice, and in view of this failure the writer announced®® some 
time ago that he was working a process of mercerisation on linen 
damasks with complete success, the same process being still in 
regular use for producing a high lustre of permanent character. 
The conclusion reached by Nodder and Kinkead is that while it is 
possible to obtain flax fibres with a high lustre by mercerisation, the 
production of a linen fabric of high lustre is rendered difficult ‘on 
account of the impossibility of avoiding the production of spiral 
ridges (they reject Huebner and Pope's theory of lustre) and 'the 
difficulty of preserving sufficient parallelism of the fibre. The 
writer agrees in the main with this statement of the difficulties, but 
they have in fact been largely overcome in the process referred to.* 
The extra cost of mercerisation of linen is amjily justified by the 
lustrous effect enduring throughout long wear, but in the present 
depressed state of the linen trade any extra cost is liable to create 
dismay. 

A good deal of^work during the last year or two has been devoted 
to ascertaining more minutely the changes involved by merceri- 
sation of cotton, and determining the most favourable cionditions. 
H. F. Coward and L. Spencer^® have studied the ability of cotton to . 
retain caustic soda solutions against centrifuging and shown more 
of the stronger solutions to be retained, mainly within the fibre. 
The same authors^ have observed that the greater absorption of 
lye by loose cotton than by falmcs is due to mechanical resistance to 
swelling in the latter case. No evidence of a definite compound 
was considered to be gained in spite of the greater ratio of caustic 
soda to water in the absorbed portion of lye, and the marked 
hysteresis in shrinkage dui;ing washing. G. E. Collins and A. M. 
Williams^® have studied the behaviour of cotton hairs in caustic 
soda st^lutions, and H. K. Corser and A. J. Turner have contributed 
the first instalment of a detailed study of the influence of the degree 
of twist in yams upon the results of yarn mercerisation, and fabrics 
made from these yarns. Among other provisional conclusions 
reached, it is stated that increased frictional resistance between the 
fibres probatly explains any increase of strength shown after 
mercerising. 

38 J. Text. Inst., 1923, 14, 133t ; J., 1923, 7()Ga. 

38 M. Fort, J. Soc. Dt/ers and Col, 1921, 37, IGl ; J., 1921,*4G7a, 

« J. Text. Inst., 1923, 14, 2St ; J., 1923, 221a. 

« Ibid., 1923, 14, 32t ; J., 1923, 221a. 

*Uhid., 1923, 14. 287t ; J., 1923, IOGGa. 

1923, 14, 332t; J., 1923, 1173a. 
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With regard to mercerising plant there is little new to report. 
W. Moscrop*^ has modified his apparatus for recovery of lye from 
fabrics, so that they now traverse a zig-zag path, subjected to 
alternate steam-jets and water-spirts. Commercial mercerising 
depends very largely for its profits on recovery of lye, for re-use 
after* concentrating, or for use in boiling, or other ways. The 
method by which H. GrcsheiiJ eliminates the use of a stenter in 
mercerising, Ls on this account of no practical value. The use of 
alcohol as a penetrating agent for use in coimexion with mercerising 
has long been known. A new patent,^® however, claims the 
addition of alcohol to mercerising, dye and other liquors, applied 
to Cotton, to increase penetration, while another^’ applies the slot 
principle to impregnation with lye, and in another^® the strength 
of mercerising lye is reduced to one-third, with the addition of 
glycerin and sodium chloride. 

» Great activity has been shown in the last few years in patenting 
processes allied to merccrisation, by which it is claimed that some 
special efiect like wool, glass, linen, silk and so on, is produced on 
cotton. All known reagents for obtaining hydration of cellulose 
have been or are being tried to secure some new effect. The 
well known parchmentising action, with production of amyloid, of 
sulphuric acid on cotton, has been studied with^ specially close 
attention to detail, and the Swiss firm of Heberlein and Co., which 
led a revival of interest in this type of specialised treatment, has 
•obtained further patents this year. Several years ago the writer 
experimented with acid treatments of cotton, from the point of 
view of increased lustre, linen-like effects qf a permanent character, 
and superior finishing properties as regards beetling and other 
mechanical treatments. Much more effective removal of projecting 
hairs is obtainable than singeing can give, and a “ lisle thread 
finish can easily be developed. Chintz-like and stiff translucent 
finishes, with good closing of interstices and semi- permanence to 
washing, are also easily obtained. Exa^t control is very difficult in 
practice, however ; there is more or less severe wastage of fibre 
substance involved, while the effects are often harsh and although 
distinct, did not prove attractive on the kind of goods most intei;pst- 
ing to the writer. The desirability of imitating, more or less 
imperfectly, wool or linen is very dependent on the.price of real 
wool and linen, and the class of Jfabric treated. Heberlgin and Co.** 

E.P. 196,753 ; J., 1923, 601a. 
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now obtaiii transparency and lustre by mercerising, e.g., at 12® C., 
followed by a treatment with sulphuric acrd (sp. gr. 1‘58). Re- 
mercerising may follow, and is able to remove harshness. Wool- 
like effects are obtained by treatment with sulphuric acid (sp. gr. 
l-515~l-546), then mcrcerisation under tension. Linen-like effects 
(on threads not exceeding 80 count) are obtained by treatment 
with caustic soda of sp. gr. over 1;116, below 0®C., followed by 
treatment with sulphuric acid. Tcxtil Work Horn add 

ammonium salts to sulphuric acid used for rendering cotton fabrics 
transparent, and thus avoid the usual unpleasant stiffness. A 
patent lias been granted^^ for obtaining a permanent finish on 
cotton by the use of nitrating acid, and another^^ claims to obtain 
a transparent effect by using carbon tetrachloride along with 
caustic alkali, followed by a treatment with sulphuric acid of 
sp. gr. 1-6-1-7. 

Recent interest in the use of calcium thiocyanate as a solvent for 
cellulose is reflected in a patent for obtaining mercerisation witL 
this reagent, w'ithout the usual harshness, by mercerising in the 
ordinary w'ay before, or after, the thiocyanate treatment, which is 
applied also to printing. 

l^YEiNu OFt Vegetable Fibres and Artieicul Silks. 

The most important and interesting work of the year under this 
section relates to the dyeing of cellulose acetate silk. It is matter 
for congratulation that, w'hilc it is only recently this fibre has 
become a British manufacture, and whereas long previously it had 
gained the close attention of one of the great German dyestuff 
firms, the invention of satisfactory dyes capable of being applied to 
it by simple practical methods, is of British origin. The reStdtant 
simplification of treatment and extension of use should go far in 
helping to ensure the success of acetate silk. It is likely, however, 
that acdlate silk, as we no^w know it, will sooner or later be dis- 
placed by a new or improved product with less tendency to revert 
under#alkafinc and other influences, with aci^ompanying loss of 
lustre. The present type of acetate silk is no improvement on the 
oth^r artificial silks for use in conjunction with linen or cotton to 
be bleached in the piece, for while it withstands the dissolving 
action of an alkaline treatment better, it readily undergoes saponi- 
fication and loses lustre under conditions which damage the lustre 
of certain other artificial silks very little. It is noteworthy that 

‘"0 K.r. 19r),G2U ; J., 884 a. 

0. L. 8c‘huttig, U.S.p. 1,461,300 ; J., 1923, 547a. 
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OOlA. 
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tlioro is patent activity, botli in lliis coiintr}^ and abroad, in 
connexion witli alkylccllulosos and other cellulose ]>roducts a,s 
spinning materials, anfi the artificial fibre industry is now (;apable 
of quick developments. Meanwhile cellulose acetate silk-with its 
soft lustre, low inflammability, and insolubility, with consequent 
greaVT strength when wot, seems likely to attain considerable use 
and occupy an important jilaco ui the textile industry. The same 
quality of insolubility, or r ustance to wetting, has ))eeu the 
obstacle to dyeing it by ordinary methods. Two obvious solutions 
of the difficulty have been exploited for some time, viz., tf) add dyes 
to the solutions used for spinning, and, alternatively, partially to 
sa]^onify the acetate silk .as an operation preliminary to dyeing in 
aqueous baths. Both methods have certain pretty obvious draw- 
backs and tend to limit the uses of the product. The search for 
more satisfactory methods has centred elnefly on improving the 
application of the ice-colours, and alternatively iiroducing from 
» insoluble azo dyestuffs a class of derivativ(‘S which the fibre could 
Take up from aqueous solutions. It is succ(‘ss along the latter 
lines which provides the outstanding fichievement in dyeing this 
year. 

A. G. Green, K. H. Saunders, and British Dyestuffs Corp./^ 
claim the manufacture and use as dyes for acetate silk, of w-methyl- 
sulphonic acids of amino-azo compounds, these 'dyes possessing 
the special property of liberating their coloured bases for gradual 
absorption by the fibre. Diazotisation of these dyes on the fibre, 
and development in the usual way with phenolic compounds, yields 
still greater variety in shades, as well as increased fastness. The 
harmful preliminary saponification treatment with alkalis is 
rendered thereby unnecessary, and complicated colloidal and other 
variations of the usual dyeing methods are likely to be superseded 
by simple, easily controlled dyeing operations. A further achieve- 
ment is recorded in the patent^s of J. Baddiley, J. Hill, and E. B. 
Anderson, along with British Dyestuffs Corporation. •Unlike 
sulphonic acid compounds, which forfn the great majority of 
ordinary water-soluble dyes, certain water-soluble dyes contjdning 
carboxyl groups are suitable for dyeing acetate silk. This simple 
distinction apparently has been long overlooked by an army' of 
experim enters . The distinction is easily made if dyeing of the water- 
resistant fibre is regarded as analogous to the transference of a 
dissolved substance from one sohrent to anothei- immiscrble solvent. 
The discovery leads direct to the production of a wide range of 
shades, obtainable by simple dyeing of amino-carboxylated dye- 
stuffs, with possibilities of diazotisation on the fibre and develop- 
ment along the usual lines of practice. 

E.P. 200,87.3 ; J., 1923, 92Ca. 
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now obtaiii transparency and lustre by mercerising, e.g., at 12® C., 
followed by a treatment with sulphuric acrd (sp. gr. 1‘58). Re- 
mercerising may follow, and is able to remove harshness. Wool- 
like effects are obtained by treatment with sulphuric acid (sp. gr. 
l-515~l-546), then mcrcerisation under tension. Linen-like effects 
(on threads not exceeding 80 count) are obtained by treatment 
with caustic soda of sp. gr. over 1;116, below 0®C., followed by 
treatment with sulphuric acid. Tcxtil Work Horn add 

ammonium salts to sulphuric acid used for rendering cotton fabrics 
transparent, and thus avoid the usual unpleasant stiffness. A 
patent lias been granted^^ for obtaining a permanent finish on 
cotton by the use of nitrating acid, and another^^ claims to obtain 
a transparent effect by using carbon tetrachloride along with 
caustic alkali, followed by a treatment with sulphuric acid of 
sp. gr. 1-6-1-7. 

Recent interest in the use of calcium thiocyanate as a solvent for 
cellulose is reflected in a patent for obtaining mercerisation witL 
this reagent, w'ithout the usual harshness, by mercerising in the 
ordinary w'ay before, or after, the thiocyanate treatment, which is 
applied also to printing. 

l^YEiNu OFt Vegetable Fibres and Artieicul Silks. 

The most important and interesting work of the year under this 
section relates to the dyeing of cellulose acetate silk. It is matter 
for congratulation that, w'hilc it is only recently this fibre has 
become a British manufacture, and whereas long previously it had 
gained the close attention of one of the great German dyestuff 
firms, the invention of satisfactory dyes capable of being applied to 
it by simple practical methods, is of British origin. The reStdtant 
simplification of treatment and extension of use should go far in 
helping to ensure the success of acetate silk. It is likely, however, 
that acdlate silk, as we no^w know it, will sooner or later be dis- 
placed by a new or improved product with less tendency to revert 
under#alkafinc and other influences, with aci^ompanying loss of 
lustre. The present type of acetate silk is no improvement on the 
oth^r artificial silks for use in conjunction with linen or cotton to 
be bleached in the piece, for while it withstands the dissolving 
action of an alkaline treatment better, it readily undergoes saponi- 
fication and loses lustre under conditions which damage the lustre 
of certain other artificial silks very little. It is noteworthy that 
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« 

The Chem. Fabr. Gfiesheim-Elektron’® protects the use of 4-halogen- 
3-toluidide of 2.3-hydrox5niaphthoic acid for use in the production 
of fast shades on cotton, of the insoluble azo type which yields such 
notable advances on what was formerly obtainable with a j8-naphthol 
prepare. This new series of preparing agents of the Naphthol AS 
classes now able to provide a fairly wide range of shades, fast to 
boiling and chlorine. These two qualities are not enough, however, 
to satisfy tlie bleacher ai.d fin.' her of piece goods containing dyed 
effects. The writer has bleached goods containing coloured effects 
dyed with the new' insoluble azo dyes, which are remarkably fast 
to hypochlorites, but they vary as regards the effect of alkalis and 
rubbing. Beetling is a s(^v' re test as regards rubbing, and if dye- 
malers and dyers w'ould WTap their dyed samples in white cotton 
and hammer or beetle them for an hour under var 3 mig conditions 
of damp, they would surely modify some of the claims made to 
fastness to rubbing. It is now^ claimed to improve the fastness to 
, rubbing of the ice and developed dyes by applying strong suction 
^ fabrics while w'ound on a perforated beam, after developing.'^^ 
In connexion with the same class of dyes, a paper by J. Rath'^ on 
the colloidal state of Naphthol AS in the alkaline grounding or 
preparing solution used in dyeing, is of considerable practical and 
scientific interest. 

In connexion with mordanting, claim is made’'’* ^pply colloidal 
solutions of metallic salts of sulphonated coumarone resins. A paper 
by C. Sunder’^ deals with the use of antimony compounds for fixing 
tannins, and A. Peltzcr discusses the evaluation of tannins for use 
in dyeing.'^® A careful comparison by means of actual trials is 
still far more reliable for examination of t^imins for use in dyeing 
than any system of chemical analysis. A method of synthesising a 
blue dvc in situ on tannin-mordanted cotton consists of steeping in 
an oxidising bath, followed by a bath of colloidal sulphur and an 
alkylated p-phenylenediamine salt."^* An improved method of 
dyeing logwood blue on cotton,’^ a proposal to add dyes tq the oil 
softening-liquor applied to jute in ba1<;hing,’® and a method of 
improving the quality of blue pigment obtained as a by-product 
from prussiate Aniline Black dyeing, by precipitating waste l^uors 
with iron,’® may also be mentioned. 
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A novel proposal is that of using azulmic lacid, obtained by 
polymerisation of hydrocyanic acid, as a dye for vegetable fibres, 
but its commercial success is doubtful. In connexion with dyeing 
machinery there arc several new patents, but they do not appear 
to require description here. 

Oases of industrial poisoning arc not very oflen mot with m the 
dyeing industry, outside a few special o])crations. The subject is 
one regarding which there has been a marked increase in the 
sensitiveness of public 0])inion in recent years, and greater pre- 
cautions are likely to be demanded. K. Williamson reports on tin* 
poisoning of those (employed in Aniline Black dyeing by the various 
methods.®^ A patent has been obtained for “ heading certain 
kinds of dyed yarns in the damp state after dyeing, to avoid 
poisoning by lead dust.*’^ 

G. G. Cdcgg and S. C. Harland®^ have investigated neps in cotton, 
and their resistance to dyeing. Xejis were found to consist of 
tangled masses of thm-walled hairs, such as are known to arise 
from the death of cotton seeds before maturity, and this leads th( 
authors to recommend a more detailed physiological study. 

J. Huebner and J. N. Sinha®^ have continued Huebner's work on 
the absorption of dyestuffs by cotton, and it now embraces the 
behaviour of the princi\)al celluloses towards iodine and dyestuffs. 
An interesting v^idc-issuo is their discovery of the formation of 
iodoform when cellulose is treated with iodine and caustic alkali. 

A. Gillet and F. Giot^^ have investigated various lines of after- 
treatment and impregnation after dyeing, designed to increase the 
fastness of dyed shades to light and exposure. They claim to have 
shown that auto oxidation causes fading in many cases, and that 
protection by the use of anti-oxygenisers is possible. No practical 
method, however, emerges from this research, if cost is to be 
considered. After-treatment with copper salts, which is the most- 
used practical method available for increasing fastness to light, is 
often accompanied by change of shade due to lake formation. 
Using the same dye andt various metallic mordants, it is often 
possible, according to the writer’s experience, to trace a connexion 
between fastness to light and insolubility of the lakes formed. 
Fkishing methods which produce an air-tight skin on dyed fibres 
arc also effective in some cases in hindering fading, but the subject 
is extremely^ complex and no single theory of fading will explain 
adequately the fading of all the dyedishades which are now produced. 

''0 G. S. Bohart, Assr. to G. H. Wliittingham, U.S.P. 1,464,802/3 ; J., 1923, 
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A method of analysing sodium hydrosulphite in presence of air is 
described by S. H. Wilkes,®® and being based on a reaction with a 
mixture of potassium iodate and iodide, is only applicable in absence 
of certain impurities, and is, therefore, not applicable* to the 
analysis of dye vats. 

Dyeing of \njmal Fibres. 

The dyeing of animal fibres pro\ddes the chief battlefield for the 
ex])()nents of various theories of dyeing, as the evidence of chemical 
action liere is so strong that any theory whicdi ascribes dyeing of 
th(^se fibres and fastness* i;f the dyed shades to purely physical 
causes of attraction lu'.tween fibre and dye, must either ignore or 
endjjavour to dis])ose of a good deal of countiu-evidence. The more 
vaguc' and generalised is the theory, the l(‘ss use it is to the industry, 
and while, ])resumably, theories of dyeing slionld lead to some 
• improvement in ])ractice, it is undeniable that they \ery rarely do, 
•but remain usually in the enchanted borderland between chemistry 
and physics, and are little heard of in dyehouses. It is important 
to b(‘ar in mind the heterogeneous chemical and })hysical nature of 
fibres and materials which are dyed, and likewise the heterogeneous 
character of the coloured products rated as dyes. As the ^vriter 
has already pointed out elsewhere, sulphuric acid\fould be rated as 
a dye if it were coloured, for it is absorb(‘d by wool and retained 
against washing, like picric acid, wdiich is reckoned a dye. The 
accidental nature of colour in relation to abs()r])tion by fibres is 
overlooked in a good deal of hasty generalising about dyeing. 
Chemical knowledge relating to dyeing is aiways useful in practice, 
and, where it can be systematised to explain the main features of a 
dyeing.operation, provides the most useful theory available for the 
dyer, while often undeniably leaving a good deal of the remoter 
changes taking place in dyeing to be explained in other ways. 

F. E. Bartell and h]. J. Miller®’ show that chemical change takes 
place involving considerable hydrolysis and liberation of alkali 
hydroxide, when acid dyes arc absorbed by sugar charcoal f^e of 
ash. J. R. Adams®® finds no difference in his experiments, between 
the “ adsorption ” of acid dyes by chlorinated and untreated wdol, 
which is contrary to the accounts hitherto given in both patent and 
technical literature. • 

The “ adsorption ” of Orange 11. by alunima is found to be 
largely affected by small changes in hydrogen-ion concentration,®® 
while somewhat related are the observations of T. R. Briggs and 

8'^ J., 192^^ 35Gt. 

J. Amer. Chem. Soc., 1923, 45, HOG ; J., 1923, G71a. 

88 J. Phys, Chem., 1923, 27, 81 ; J., 1923, 221a. 

“8 0. Roinmuth and N. E. Gordon, Iml. Eng. Chem., 1923, 15, 818 • J 
1923,926a. 
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A. W. Bull,®® who claim support for a physical theory of the dyeing 
of wool with acid and basic dyes, from experiments in which the 
amount of dye adsorbed ” was found to vary continuously with 
the hydrogen ion concentration. Every dyer is familiar with the 
fact that increased acidity of the bath promotes the dyeing of acid 
dyes, and retards that of basic dyes, but, a priori, this appears more 
like evidence of a chemical theory of dyeing than a physical theory. 
It would be interesting to know ho^ the physical theory deduced 
by these authors would be applied to another case of the dyeing of 
wool with aeid dyes which falls to be reviewed here. British 
Dyestuffs (Corporation and W. E. Sanderson®^ protect a method of 
dyeing acid dyes on animal fibres from a bath containing soap and 
ammonium salts, this procedure allowing of the simultaneous dyeing 
of vegetable fibres present with direct dyes. The writer has stented 
his views at length elsewhere, ®2 and also shown that the use of an 
ammonium salt, in place of a free acid, to promote the dyeing of 
acid dyes, does not involve an increase in hydrogen-ion concentra- 
tion in the dye bath, the bath being in fact alkaline with ammonia, 
while dyeing is ])rocecding, the assistance rendered to dyeing 
being thus related, not to any acidity of the bath, but to the 
transference of acid from the ammonium salt to the fibre, quite in 
accordance with the writer’s theory of what occurs to promote 
dyeing when fre6 acid is used in the bath. From this explanation 
to the method now patented is a small step, as the alkalinity of 
soap is not sufficient to increase the alkalinity of the bath containing 
ammonium salt, to an extent which will prevent the vital reaction 
occurring. It appears therefore that a physical theory of dyeing 
based on relating “adsorption” of acid dyes by wool to hydrogen- 
ion concentration in the bath, is unlikely to be of much service when 
applied to practice, which is the ultimate test of theories. Further 
contributions from the standpoint of a physical theory are those of 
R. Haller,®^ who failed, however, to establish any relation between 
the state of dispersion in indigo vats of various kinds and the 
varying results the dyeings provided under subsequent fastness 
tests i, secondly,®^ the same author records some experiments 
which aim at showing that wool is not an amphoteric substance, but 
is iSicapable of entering into chemical reactions in various dyeing 
processes. 

The extreme sensitiveness of wool and other animal fibres to 
chemical infiuenccs during dyeing,* however, is the reason for a 
number of patents for methods of protecting these fibres from the 

«« J. rhys. Vhem., 1922, 26, 845 ; J., 1923, 91a. 

«E.P. 194,143 ; J., 1923,448a. 

M. Fort, J. Soc. Dyers and Col,, 1916, 32, 33. 

Textilber., 1922, 3, 433 ; J., 1923, lU. 

** Z, ges. Textilind., 1922, 25, 402, 411 ; J., 1923, 600a. 
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action of alkalis. *.T. Morton and K. R. Wood®® add lactic acid to 
prepared dye vats tc^ reduce the caustic alkalinity to harmless 
proportions. It is also claimed to add sulphite-cellulose waste- 
liqucr to sulphur dyebaths®® and to chrome dye baths®’ for wool, 
while animal fibres are preserved against injury during alkaline 
treatment by addition of a Avide range of aromatic compounds, 
including p-diamines, quinones, and hydroxy derivatives of benzene 
and naphthalene.®® Other tents deal with the addition of 
decompositioTi produces of proteins to dye baths®® and alkali- 
soluble ])rotein compounds of heavy metals, prepared from 
vegetable extracts, which precipitate gelatin and find applications 
in»dyeing and printing.^'^ A method of rendering animal fibres 
resistant to dyeing is applied to the dyeing of unions to preserve 
thc^e iibres unstained, and consists of treatment with acetic 
anhydride and acetic acid in presence of a catalyst while the 
same firm has protected the us(‘ of acetic esters of tannic acid in a 
similar connexion.’®*'^ 

A batch of patents granted to Akt.-Ges. fiir Anilin-Fabrik., is 
concenu'd with fur dyeing by oxidation mcthotls, w'hich this firm 
has done much to develop, and which has now reached so high a 
state of perfection as to be very apparent to all in the hyphenated 
coney products now occupying such a prominent position among 
furs . The new patents cover the use of 2.7-dihydroxynaphthalene,^®® 
the same in c()njunction with 4-amino- or 4.4'-diamino-diphenyl- 
amine,^®^ l.S-dihydroxynaphthalene,^®® substitution products of 
4-aminophcnol,^®® and tri- or tetra-amino derivatives of diphenyl, 
diphenylmcthane. or t^jyw-diphenylcthane in conjunction with 
p- diamines.^®’ IModern fur dyeing is related to the method of 
dyeing Paramine Brown on cotton, long familiar to printers. The 
fur dyer, however, works largely with hydrogen peroxide and other 
pcr-compounds ” and the process is usually very wasteful in 
chemicals, but good results will pay for expensive methods. A 
hair-dye has been patented on the same lines.^®® 

‘•■•E.r. 202,757 ; J., 1U23, 1017 a. 

"8 Akt.-Ges. f. Anilin-Fabr., G.P. 369,290 ; J., 1923, 449a. 

Ibid., E.P. 188,632 ; J., 1923, 652a. 

Ibid., G.P. 359,228 ; J., 1923, 547a. 

0. Bemiert, G.P. 361,038 ; J., 1923, 264a. 

R. Haberer u. Co., G.P. 375,014 ; J., 1923, 953a. 

R. Haynn and P. Munz, Asers. to L. Cassollaund Co., U.S. P.1, 45 1,299; 
J., 1923, 547a. 

i»»E.P. 204,008 ; J., 1923, 1173.A. 

E.P. 174,595 ; J., 1923, 141a. 

G.P. 867,090 ; J., 1923, 398a. 

G.P. 371,231/3 ; J., 1923, 707a. 

E.P. 189,046 and 189,054 ; J., 1923, 52a. 

G.P. 365,785 ; J., 1923, 398a. 

T. E. Rule, E.P. 200,375 ; 1923, 827a. 
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Silk weighting, which is one of the most flagrant practices of 
adulteration permitted unchecked in connexion with an article of 
great value, is usually carried out by the dyer. Weighting with a 
vegetablb syrup containing tannin, after dyeing, is proposed,^’'® 
also weighting, before dyeing in the piece, with tin salts followed by 
a treatment with glycerin prior to weaving, and it has been 
patented also to aj)})ly salts of the rare earths, such as lanthanum 
ammonium nitrate, for the w’eighting'‘ of silk.^^^ 

PlUNTlNO. 

(Jcrtaiii processes tliscusscd under preceding sections have 
applicatiojis to ])rinting, but in addition to these a number of 
improvements have been made of more or less special interest to the 
])rinter. According to P. Binder,”- titanic oxide is superior to 
titanic acids for use in printing pastes, its covering power being 
superior to that of zinc oxide or barytes. 

It is pro])osed to use chloroacetic acid or glycollic acid as dye • 
solvent in jjrinting ])astes in ])lace of acetic and formica acids as 
hitherto employed 

An interesting patented ])rocess is one in which the leuco-deri- 
vatives of vat dyes arc rendered soluble by conversion into salts of 
sulphuric acid esters, and in this form may be a])plied in dyeing and 
printing to yield fast shades after subsequent development on the 
fibre with oxidising agents.”^ Another novel claim is to use the 
condensation product of formaldehyde and thiodiglycol in place of 
the usual oil mordants applcd to the fixation of alizarin colours 
in dyeing and printing. ,Lake formation takes i)laco with the new 
mordant only on steaming.”® 

The inability of zinc salts to react with potassium ferrocyanide in 
presence of ammonia is utilised by N. I. Planowski and K. H. 
Smirnov”® to make up printing pastes containing these reagents, 
along wii;h a basic dye, which is fixed after printing, })resumably 
by steaming to remove amruonia. 

The intensity of shade of steamed Aniline Blacks is improved”^ 
by adding an azo derivative of aniline, such as aminoazobenzene, 
to t^e padding or printing mixture, the amount of this addition 
permissible being not greater than one-fifth that of aniline. In ' 
connexion witfi Para Red and its homologues, C. and H. Sunder 

C. V. i\of Schnialz, U.S.P.-l ,457,007*; J., 192:J, 7i:iA. 

““ (J. tv. Colts jun., U.S.P. 1,440,884 ; 1923, 349a. 

Cos. f. Verwortunp; Cliom. Prod. m. b. H., G.P. 373,771 ; J., 1923,971a 
BnU. So(\ Jnd. Mnihovftc, 1923, 89 , 190 ; J., 1923, GOIa. 

’>3 J. R. c;oi{r>% E.P. 183,813 ; J., 1923, 972a. 

Diiraiid ot Hiifronin S.A., XT.S.P. 1,448,251 ; J., 1923, 398a. 
i^'Farbw. v. Moistor, Lucius, iind Briining, G.P. 371,413; J., 1923, C62a, 
Bull Inst. Polijt. Ivanooo-Voznemiaky 1923, 7, 115 ; J., 1923, 82Ca. 

G. Aris, E.P. 170,033 ; J., 1923, 65a. 
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discuss the mctli(5d.s of diazotisatioii of ^)-nitraniliiic for use in 
dyeing and printing while in connexion with discharge printing 
there is a further contribution from M. Ihittegay and P. Brandt, 
dealing with the role of anthraquinone as catalyst in formaldehyde- 
hydrosulphite discharges of Naphthylamine Claret.^^® Half-resist 
efteclh on wool dyed with acid dyes are obtained after printing on 
Neradol J) and steaming jnior to dyeing, according to J. Pokorny.^^ 
M. Richard describes a prooe- of khaki production on a naphthol 
prepare by ]>rinting with a paste containing vat dyes and iron 
pyrolignitc,^^^ and R. Haller describes a process of obtaining 
Alizarin Red discharges on indigo-dyed cotton 

SiziNo, Finish iNci and Pkoofinc, 

Wrious chemical treatments allied to mercerisation, for the 
production of lustrous and other finishes, have been treated already 
in the section on mercerisation. 

Sizing of yarn is not a finishing operation, but a treatment 
carried out piimarily in aid of weaving, nevertheless it involves the 
use of finishing materials and is closely allied in practice to certain 
cloth-sizing treatments applied in connexion with finishing. Sizing of 
yarn is more or less important on all fibres in one or other connexion, 
but especially in the production of cotton goods, in order to attain 
smooth weaving uninterru])tcd by breakages of w^rp threads, and 
also regularity of weave. Such sizing is often made the vehicle for 
added weight, but this stale device has long been over-exploited, 
and a better opportunity for improving sizing is in the direction 
of applying a whole category of unsaponifiablo fats, oils, and waxes, 
of which the chief is paraffin, which have hitherto been ruled out of 
use, or only surreptitiously employed, on account of the failure of 
aqueows scouring methods to remove them later when dyeing or 
bleaching is required. With the advent in bleaching of commercial 
solvent extraction the ban on the use of paraffin can be removed, if 
care is taken to ensure the goods having a suitable solvent twatment 
before bleaching.^^a extension of flic use of autoraatic looms, 
and the question of obtaining their greatly increased produc^on, is 
largely dependent on adopting the most suitable sizing methods to 
allow of obtaining the increased speed in W'caving, with a minintum 
of stoppages. The notable smooth-weaving properties imparted 
by soft paraffin should lead to a closer investigation of what can be 
done to improve sizing with materials of this kind, now the ban on 
their use is removable. Too much has been made of the difficulty 

Bull. Soc. Ind. Mulhowe, 1923, 89 , 237 ; J., 1923, 713a. 

!923, 89 , 365 ; J., 1923, 1127a. 

Ibid., 1923, 89 , 379 ; J.,1923, 1127a. 

Ibid., 1923, 89 , 382 ; J., 1923, 1127a. 

^’^Ibid., 1923, 89 , 376 ; J., 1923, 1127a. 

M. Fort, J. Soc. Dyers and Col, 1922, 38 , 250. 
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of emulsifying unsapoiiifiaLle oils and waxes in Vho preparation of 
size; it can be accomplished usually with the aid of various well- 
known emulsifying agents, and with the aid' of the colloid mill the 
most extreme cases sliould now present little difficulty. 

A. E. Owen^-"* has contributed an account of an investigation 
upon the effect of sizing on cotton yams when under oscillatory 
tension, as in the loom, the upper limit of the safe range being well 
below the average breaking tension. • Sizing greatly enhance j the 
resistance to oscillatory strain, but the differences due to the 
variations in size mixing appear to be only small when compared 
with the differences due to variations in j^arn structure. Increased 
resistance to oscillation, moreover, wiieii conferred by sizings is 
partly offset by the simultaneous imposition of a more limited 
capacity for ultimate extension without ru]->ture. v 

A very important property of fibres, as it affects the finishing of 
textiles, is that of ' plasticity,” the property of taking a permanent 
set under strain, as opposed to so-called “elasticity." Operations ' 
like crabbing depend directly for attaining their purpose on a skilful ‘ 
use of this property of fibres, and great differences exist among the 
fibres, especially between the two great divisions of vegetable and 
animal fibres. An investigation by F. T. Peirce into the plasticity 
of cotton is of interest, not because the results are directly applicable 
to finishing— th€^ limited conditions, such as temperature, under 
which they were obtained prevent that — but on account of intro- 
duction of means of measuring plasticity and the new data being 
a first instalment which is capable of valuable extension. 

A study of the flow of starch pastes through capillary tubes, with 
applications to viscometj^ applied to the testing of starch pastes, is 
contributed by F. D. Farrow and G. M. Lowe.^^e j Huebner and 
V. Malwin^27 publish the results of tests of the effect on rippmg 
strain and tensile strain of impregnating cotton with various salts, 
starch, and soap, and these allow it to be seen that a reduction in 
ripping strain does not involve a reduction in results obtained under 
tensile strain in all eases. • 

Papers on subjects of possible interest to certain special branches 
of textile finishing arc one on synthetic resins by R. Furness, and 
one •dealing with the purification of commercial paraffin waxes by 
P. F. Gordon.^^B 

• Miscellaneous. 

Micro-orgaHiisms play an important part in the retting methods 
applied for isolation of bast fibres, such as flax, from the stalk. In 

12* J. Text. Inst., 192.*), 14, 375t. 

1923, 14, 391t. 

126 1923, 14, 414t; Ahs., 1924, B, 50. 

127 J.. 1923, 66t. 

i2» Chm. and Jnd., 1923, 1000. 

12* J., 1923, 405t. 
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the course of an interesting discussion on the action of bacteria on 
cellulosic matter,^®® H. Langwell emphasised the error of the 
common assumption *that chemically resistant cellulose is also 
resistant to bacterial action ; on the contrary, it is destroy^ by 
fermentation, which does not affect lignin. In the writer’s opinion, 
the ^aromatic nucleus which is attributed to lignin, evidence of 
which he has observed in the course of special bleaching operations, 
may help to explain this rcsi iiice. 

A paper on the distribution of iodine between chloroform and 
starch solution, by J. B. Frith and F. S. Watson,^*^ and one by 
G. T. Morgan the new British dyestuffs industry may be 

nq^ed. ■» , 

The stream-line filter of H. S. Hcle-Shaw^®® is of great interest on 
account of the possibilities it offers, such as clarifying peaty water, 
for separation and concentration of colloids, and its grading action 
on solutions, e.g., dyes. 

Another imitation daylight lamp, of a not very novel type, has 
been patcnted,^34 ^nd an apparatus for determining the melting 
point of coal ash is described by F. S. Sinnatt, A. B. Owles, and 
N. Simpson.^^^ 

130 J., 1923, 279t (also 169 t). 

131 J., 1923, 308t. 

132 Chem. and Ind.y 1923, 868. 

133 jr., 1923, 353 t. 

134 Gillet et Fils, E.P. 196,890 ; J., 1923, 877 a. 

138 J., 1923, 266t. 
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By H. J. Bailey, O.B.E., F.LC. 

Inspector of Alkali etc. Works. 

The steady recovery in ihe heavy chemical industry experienced 
during the year 1922 was fairly well maintained during the early 
months of the year now under review. 9'he stabilisation of 
prices and wages, which had been brought about after much 
anxiety and thought during the former year, has resulted in 
maintaining the progress already attained in the endeavour to 
recover from the severe depression of the year 1921. The pro- 
duction of sulphuric acid in this country was seriously influenced , 
by the importation of large (piantities of prepared superphosphate* 
from the Continent, which during the season 1922-1923 reached 
a figure of about 100,000 tons, and it is feared may again reach 
similar proportions during the present season. 

During the later months of the year the depression in the 
textile trades h<Y reacted on the heavy chemical trades to some 
extent, and progress towards full recovery has been retarded. 

In ammonia products the partial recovery of the steel industry, 
coupled with a brisk export trade for coke during the first half of 
the year, has brought the bulk of the by-product ovens of the 
country into commission^ and resulted in larger production during 
1923, all of which has been disposed of at fairly steady prices. 

The production of sulphuric acid in the United Kingdom, as 
compared with that during the year 1922, has been estimated as 
follows : — 


Sulphuric acid umnujiuinrad in the United Kingdmn, rxprcsficd as tons of 
' 100% H,S 04 . 


• 

1921, 

1922. 

1923 

(estimate). 

IT— 

C\\ainber process 

533,000 

773,000 

807,000 

Contact process 

28,000 . 

45,000 

47,000 

Total 

j 561,000 

1 818,000 

1 , 854,000 


Although the strenuous times through which industry has been 
passing do not lend themselves to the laying out of capital on new 
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industrial vcntur(^, the past year has been quite fruitful in bringing 
to the fore certain new methods and processes which may have a 
very marked effect in shaping the industry of the future. Con- 
siderable progress has been made in investigations to iftilise the 
remarkable absorbent properties of activated charcoal^ and silica 
gcl.^ The former was found to be of great use for gas masks 
during the war, and since that time its application to the absorp- 
tion of gases in peace-time in dustries has been carefully pursued ; 
its more reuiont I’ival, silica gel, prepared by the precipitation of 
sili(;a by means of acid from solutions of sodium silicate, is held by 
some to be a more efficient absorbent, but has this disadvantage 
in»comparison with activated charcoal, that whereas the absorbed 
gases from charcoal can be driven out and the charcoal rc- activated 
by *1110 passage through it of superheated steam, the silica gel has 
to be furnaced to drive off the absorbed products and to revivify 
the gel for the subsequent operation. E. M. Faber, H. G. Olson, 
and W. A. Taylor, have studied the absorbent properties of 
silica geP and its revivification at temperatures of 200 ° C., and 
find that for benzene, water, nitric acid, and nitrogen peroxide, 
complete recovery is obtained of the adsorbed substance with 
very little deterioration in efficiency of the gel for further absorp- 
tions. It is somewhat early to attempt to forecast in what 
directions the use of these solid absorbents majf find application, 
but it is claimed that their effective use in benzol reeovery has 
been proved, and further applications in the near future may be 
looked for. 

The discovery of the “stream-line” filter^ by H. S. Hele-Shaw 
has opened up immense possibilities for the future in regard to 
filtration. When dealing with thin films of fluid the inventor 
found* it possible not only to separate the finest particles of 
suspended matter, but also to separate fluids of different densities 
if the films were sufficiently attenuated. This led to further 
research, which resulted in the filter jis known to-day consisting 
of packs of some thousands of thin sheets of material such as 
waterproof paper, which is not wetted by the material* to be 
filtered. The packs of paper are held between press-heads on 
which the pressure necessary can be applied, and the papers are 
provided with similar perforations so that, when compressed, 
these perforations form tubes running from one ena^to the other 
of the pack. The liquid to* be filtered is forced under great 
pressure into one or more of these tubes, passing in thin streams 

between the individual papers to the outlet tubes. The inlet or 

• 

1 Cliem. and Ind., 1923, 850, 1141, 1164. 

2 Ibid., 1923, 850, 1141, 1164. 

3 Chem, and Met, Eng., 1923, 28 , 805 ; J., 1923, 604a. 

* J ., 1923, 353t. 
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pressure tubes are made with larger perforations than the outlet 
tubes so as to provide the maximum space for the liquor to enter 
the minute interstices between the paper * sheets. The material 
to be filtered from the liquor remams in the inlet tubes, and at 
definite intervals the flow is reversed and the sludge washed out. 
A filter containing 24 packs and approximately 34,000 sheets of 
paper can deal with 5^ tons of liquor per hour, and the filter deals 
successfully with the finest of colloids, and apparently can remove 
substances such as certain colouring matters which were formerly 
held to be in solution and not merely in suspension. The applica- 
tion of this new method of filtration to various industries is being 
closely studied, and as a concentrator avd as a filter there wopld 
appear to be numerous directions in which such applications 
would be of great utility. » 

The continued replacement of the Leblanc and ammonia-soda 
processes by electrolytic methods has led to the necessity of 
discovering wider fields for the application of the resultant chlorine. 
The experience gained during the past few years has made it’ 
possible to transport liquid chlorine with safety in cylinders and 
also in railway tank waggons, with the result that liquid chlorine 
is finding increasing outlets, the chief of which are for water 
purification and for the manufacture of bleaching liquors by 
absorption in alkalis at the works where such liquois are required. 
In addition there has sprung up a considerable industry in the 
manufactui’e of synthetic hydrochloric acid by burning the chlorine 
in excess of hydrogen and condensation of the product in water. 
In this way a product of high strength and considerable purity 
can be obtained, and pioduction by this method is increasing in 
this and in other countries. Puring the early stages of the 
evolution of this process troubles were experienced due to 
explosions of the mixture of chlorine and hydrogen, and care must be 
taken to have an excess of hydrogen always present. The Badische 
Anilin- u. Soda-Fabrik'^ avoids risk of explosions by arranging a 
continuously burning ignMon flame at the jfiace where the two 
gases are brought together. Piscoloration of the resultant acid 
Jias also been a source of trouble, such discoloration frequently 
taking place some time after the acid has been manufactured and 
bottled. By some this discoloration was thought to be due to free 
chlorine, and* B. Neumann® considers that where free chlorine is 
found to exist in the acid it is due to faulty mixing or combustion, 
and not to any possible slight reversibility of the reaction 
Hg + Clg = 2HC1 at the high temperature of the reaction flame. 
In certain cases this trouble of discoloration has been overcome, 
and no doubt future experience will lead to the production of a 

«E.P. 173,300; J., 1923, 1130a. 

« Z. angew. Cliem., 1923, 36, 629 ; J., 1923, 1173a. 
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perfectly colourletis acid. G. Poma and G. Andreani’ produce 
synthetic hydrochloric acid by passing steam and chlorine over 
heated coke accordifig to the equation 2H2O -f SClg + C = 
4HC1 + CO 2 and condensing the resultant hydrochloric acid 
with water in towers. 

Litiie progress has l)een made during the year with the question 
of smoke and fume abatement. In the autumn session a Bill 
was introduced into Parliai.i nt “with the object of increasing 
the penalties imposed under former Public Health Acts, and for 
giving powers to the Minister of Health to make orders for the 
extension of the Alkali &c. Works Regulation Act 1906, where 
su»h extension should be «corusidered desirable, but the dissolution 
of Parliament has killed that particular measure. 

Two new processes in connexion with the manufacture of 
sulphuric acid by the oxidation of the sulphur dioxide to trioxide 
by means of nitrous vitriol arc attracting considerable attention. 
One, a process devised by K. B. Q.uinan, which is said to have been 
worked on a commercial scale at the works of the Cape Explosives 
Co. in South Africa, consists of Glover tower, converter, and two 
Gay-Lussac towers, w'ithout any large leaden chambers usually 
associated with the manufacture of vitriol by the nitration method.. 
The Glover and Gay-Lussac towers function as in an ordinary 
chamber plant, but the whole of the sulphur dioxide which passes 
the Glover tower is converted into trioxide and condensed in the 
converter, which consists of a vertical cylinder fitted with a 
number of horizontal diaphragms perforated with a large number 
of small holes. Each diaphragm is provided with overflow pipes 
set at a suitable height, and the gases ai'e forced by fan pressure 
sufficiently rapidly through the small perforations to maintain 
the seal on the diaphragms and a rapid ebullition of gas through 
the acid, producing intimate contact between the acid flowing 
down the tower and the sulphurous gases passing upwards. The 
converter is fed with nitrous vitriol of suitable strength^ and the 
principle involved appears to be vcry*rapid conversion of SO 2 to 
SO 3 by means of intimate contact between ample supplies of 
nitrous vitriol and the gas. The converter is from 7 to 9 feet in 
diameter and 10 feet high for a production of over 40 toils of 
chamber acid per 24 hours. As far as the writer is aware this 
process has not been in operation outside the scope* of the works 
under the supervision of the 'inventor, but +he possibility of the 
rapid conversion of SO 2 to SO 3 by suitable intimate contact of 
the gas with nitrous vitriol is borne out by the success of the second 
process, thsrt of T. Schmiedel.® The Schmiedel or “ splash-box ” 
process is designed to effect rapid conversion of the sulphur dioxide 

’ E.P. 189,723 ; J., 1923, 95a. 
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contained in the gases under treatment to 'Sulphuric acid by 
rapidly circulating a large floating stock of nitrous vitriol through 
the apparatus, while bringing it into intimate contact with gases 
containing the sulphur dioxide. The unit consists of four or more 
splash-boxes, which are horizontal, rectangular, lead boxes pro- 
vided with three rotating rollers each : the acid in these boxes is 
maintained at a constant level by suitable overflows, and the 
rollers rotate so as just to dip into the acid and produce a fine 
curtain of acid spray through which the gases bearing sulphur 
dioxide must penetrate in order to pass through the box. The 
gas inlets and outlets are at each end of the box and the rollers 
are placed at right angles to the flow of the gases. The plant ran 
deal with cold gases of varying strengths and is easily adaptable 
for intermittent working. The first box acts as a denitrator for 
the acid, effecting some conversion of the sulphur gases as in a 
Glover tower ; in the succeeding boxes the gases meet nitrous 
vitriol of suitable strength for rapid conversion of the remaining^ 
sulphur dioxide, the acid overflowing from the boxes is passed* 
through coolers and back into circulation, the acid “ make *’ 
being drawn off from the first or denitrating box. Following the 
last box is a spray catcher followed by absorption towers for 
recovery of oxides of nitrogen, which towers are lower, and (>f 
relatively greatef sectional area than the usual type of Gay-Lussac 
tower. The first installation of this type of plant has been working 
for two years at Ausserfelden in Austria in connexion with copper 
matte converters belonging to the Mitterberger Kupfer A.-G., 
Salzburg, and has been dealing with gases varying in sulphur 
dioxide content from 0 lo 15% with production varying between 
6 to 10 tons of 142° Tw. acid per day, according to the sulphur 
material available. Through the kindness of Messrs. Huntington, 
Heberlein & Co. it is possible to state that licenses for the erection 
of this type of plant have now been granted to firms operating in 
England^ Australia, France, Germany, Austria, Spain, and Japan ; 
the licence granted in Engl&nd is in connexion with the calcination 
of line blende, and results will doubtless be followed with very 
great interest. 

The nitration process for the manufacture of sulphuric acid is of 
such long standing that it might almost be concluded that all was 
known that ^ould be discovered, yej the modem progress of first 
tfie Opl tower plant, then the reduction of chamber capacity by 
the Mfils-Packard system of chambers, and latterly these two 
new methods, has shown that the rate of conversion of the sulphur 
dioxide to trioxide can be enormously speeded up by circulating 
sufficient acid to carry the nitre stocks necessary for conversion, 
and by bringing such nitrous acid into intimate contact with 
the £tas. 
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Hafnium.® 

The discovery of a n«w element to fill up one of the few remaining 
gaps in the periodic table of elements was amiounced by IJ. Coster 
and 0 . Hevesy in the early part of the year. This element was 
name^d hafnium and filled the space belonging to the atomic 
number 72, a space formerly claimed, by Urbain and Hauvillier 
for a rare earth elemen* c^^ll^'d celtium. Coster and Hevesy 
isolated the new element from ziiconium and found that it occurred 
in appre(;iablc quantities in all the zirconium minerals they 
examined. Considerable iiscussion has taken place in technical 
literature as to the claiips of priority of discovery, and as to 
whether the name finally accorded to the clement 72 shall lie 
hafi^um or celtium— a matter which the International Committee 
on the elements will have to decide. 

(Jeoro Lunge. 

The death of Georg Lunge on January 3rd, 1923, at the age of 
84, reraov^ed one whose name has b(*en closely associated with 
acids and alkalis for over half a century. His association with 
industrial chemistry and his classical text-book on the subject 
have made his name of world- wide repute. The fiijst edition of his 
“ Sulphuric Acid and Alkali ” appeared in 1879 ; this was revised 
and extended in subsequent editions, until, with the companion 
volumes on “ Coal Tar and Ammonia ” it extended to nine volumes. 
Many of the processes described in the earlier editions of his book 
have noAV' become extinct, and it is a somcwjiat singular coincidence 
that in the year of his death there should appear an entirely new 
edition^of his work revised and brought up to date, which edition 
is being produced under the editorship of A. C. Cumining.^^ The 
volumes of this edition are arranged so as to deal with the subjects 
treated in relation to separate branches of industry, aiid from 
perusal of the three volumes already* published will maintain 
and, if ])ossible, add to the value of the work. 

Sir James Dewar.^® 

The death at the age of 80 of Sir James Dewar reinqyed another 
scientific pillar of the last generation, and one whos§ name will 
always be associated with scientific progres-s of the last half 
century, more especially in relation to liquefaction of air and 
other gases. ^ 

^ C%em. mid hid., 192lt, 07, 258, 704, 784, 884, 920. 

Ibid, 1923 78. 

“ Ibid.l 1923,' 702, 1217 ; Analyst, 1923, 510. 
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The United Alkali Company. “ 

The centenary was celebrated this year the founding of the 
beginnings of this Company. James Muspratt commenced 
operations in Liverpool and worked the Leblanc soda process in 
1823, and this historic event has caused many to look back and 
review how the alkali industry has groivn during the past cenlury. 
One might almost say that the industrial life of this country has 
grown out of the foundations of the heavy cliemical industry. 
The event was marked by a diimer given by the Company at 
Liverpool, on April 18th, when a large number gathered to offer 
their congratulations. The formation of the Company as known 
to-day took place in 1890, wdien a number of firms operating Ihe 
Leblanc process amalgamated at a time wlien the menace of the 
competition of the ammonia-soda process, and of the electrorytic 
process for the production of caustic soda, made it necessary to 
work the older process as economically and etiick'nlly as possible. 

Bklnneh, Mond, and (\>.^^ 

This year has also seen tlie celebration of the jubilee of the 
above company, the founders of the ammonia-soda ]>rocess for 
alkali manufacture in this country. The ammonia-soda ])rocess 
has now quite ^qilaced the Leblanc process for the manufacture 
of soda- ash, and is in its turn finding a serums rival in the elec- 
trolytic process of treating brine. 

Fixation of Nitkooen. 

Progress has been continued in the construction of tlie new 
plant of Synthetic Ammonia and Nitrates, Ltd., at Billingham, 
and it is hoped that at an early date the production stage will be 
jeached. This plant has been erected after agreement with the 
Government to manufacture nitrogen products from the air on 
the lines of the Haber process. In the first instance, the main 
product will be ammonium sulphate, but later on it is expected 
that other nitrogen products will be produced. 

The British Cyanides Co., Oldbury, is just completing the 
installation of the first unit for the fixation of nitrogen in the form 
of cyanide, which, if successful, will be rapidly followed up by 
additional quits. 

In France the position of the nitrogen industry has been engaging 
serious attention during the year.^® Production still remains 
round about 19,000 tons of nitrogen per annum, whereas agri- 
cultural consumption alone has increased to roughly 110,000 tons. 

ahem, u-nd Jnd., 1923, 27, 383, 393, 415, 487. 

Ibid., 1923, G75. 
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Agreements have been concluded with the Badische Aniiin und 
Soda Fabrik to work^the Haber process and to produce by this 
method up to 100 metric tons of fixed nitrogen per day. The 
Claude process at Monterau is now producing 5 tons of 3,mmonia 
per day, and at Bethune a large plant has been installed to 
utiliilb the gast's from the coke-ovens there, while the Cie. des 
Produits Chimique d’Alais is installing plant to exploit the Casale 
process, which has been favoiT. uly reported upon by the Director 
of the Service des Poudres. 

In Spain, at Fli\ (Trrragona), a factory is being erected to 
produce 1000 kg. of amm^mia daily by the Claude process, the 
hySrogen to be derived from an adjacent electrolytic soda plant. 

\^rious improvements have taken place during the year in the 
several processes, but these have been mainly in working details, 
and no radical change has taken place. G. Claude^’' patents the 
preliminary heating of the reaction gases u]) to the reaction tem- 
perature. K. P. McElroy^® patents a method of fixation as 
cyanide, by arranging to draw off a portion of the hot gases from 
the reaction blast furnace near the fusion zone, and bringing these 
gases carrying cyanide vapour in contact with alkali and carbon 
in the presence of highly absorptive charcoal at a high temperature ; 
molten cyanide is maintained in the bottom of •the furnace and 
run off from time to time as it accumulates. 

F. C. Dyche-Teague, A. Wilson-Hughes, and F. J. Commin^® 
produce a reactive mass for the production of cyanide, by mixing 
carbon, soda ash, and iron oxide, and treating the mixture with 
an oil emulsified with sodium rosinate. The product is dried and 
granulated and then passed through a furnace at 900°“-1050° C. 
in a ciyrent of nitrogen. The reactive mass is occasionally treated 
with superheated steam, w'hich tends to make it more active, and 
it is found that a small percentage of hydrogen in the nitrogen 
increases the amount of alkali converted into cyanide. W.*Steger*® 
adds further supplies of reaction mixtftre direct into the reaction 
zone of the blast furnace through the blast inlets. ^ 

B. Waeser®^ has published a treatise on the nitrogen industry, . 
as also have J. R. Partington and L. H. Parker.®® These wftrks 
bring into text-book form much that was formerly only available 
after search amongst specifications of patents eCnd technical 
papers, and in the latter book extensive use is made of the Nitrogen 
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Products Committee Report. E. Kilbum Scott in the Cantor 
lectures before the Royal Society of Arts gave a valuable resume 
of nitrogen fixation methods and explained ‘m detail the Kilbum 
Scott and Nitrum arc furnaces. 

The process devised by G. Fausser^^ has recently been applied 
on an industrial scale at Novara in Italy. This process is for the 
production of synthetic ammonia and somewhat resembles the 
Haber process. The hydrogen is «produccd by electrolysis in 
cells specially designed to avoid danger of explosion. The mixed 
gases arc passed over the catalyst at a pressure of 300 atmospheres, 
and any ammonia not liquefied is absorbed in water, this aqueous 
solution being used to lubiicate the compressor. An oxidat/.on 
plant of Frank and Caro, yielding 10 tons of nitric acid ])cr day, 
is attached, and the residual gases from this plant containing 
little oxygen and much nitrogen are burnt with the necessary 
quantity of hydrogen, by means of platinised asbestos, so as to 
remove the oxygc^n as water, and jiroduce an almost pure nitrogen 
gas for use in the main synthetic plant. This method of producing 
nitrogen would appear to be well worthy of consideration ai other 
plants where the main output required is nitric acid or nitrates. 

Ammonium Compounds. 

R. A. Mott and H. J. Hodsman^^ published results of work done 
on the dissociation of ammonia in the presence of coal gas, and 
also the influence of water vapour and various contact materials at 
high temperatures. In a previous communication possible 
oxidation of ammonia in crude coal gas by indrawn air was con- 
sidered to be negligible, ali preferential combination of the hydrogen 
present with such oxygen took place, and in presence of air oxida- 
tion of ammonia was retarded by the presence of water vapour. 
The experiments were only conducted up to temperatures of 
about 800° C., while these later experiments have been taken to 
higher rathges. Generally the results obtained confirmed the 
work of G. E. Foxwell,^^ except that the authors find that the 
velocity of decomposition increases fairly rapidly with rise of 
temperature. Firebrick material “ chattered ” by the action of 
salt ‘vapours in a coke oven proved an active catalyst, and the 
catalytic activity of brick material was found to depend on the 
proportion and condition of the iron present. 

Further progress has been made ^nd experience gained in the 
production of neutral, dry ammonium sulphate. This product 
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has now established itself as the permanent high-grade commercial 
article, and, in spite of minor difficulties of dust and caking in 
certain instances, has generally given satisfaction and has assisted 
in maintaining a brisk export trade in this commodity dming the 
year. 

G. J^poyston^^ patents a method of neutralising the wet sulphate, 
after having been discharged from the saturator, in a closed lead 
box, by injecting ammonia - pours drawn from the still gases 
through the wet salt. The process is good from the point of view 
of neutralisation, but does not provide for drying the salt after 
centrifuging, and neutralisation of much mother liquor must take 
plaje along with the salt Also, as worked so far, the escape^ of 
steam may be objectionable in carryhig off into the atmosphere 
impi^rities associated with the ammonia in the still gases, and 
possibly excess of ammonia which may be lo.st. The variation in 
the pressure of the saturator, when such still gases are being 
. drawn off to the neutraliser, may also lead to rock salt troubles. 

• R. P. Douglas 2 8 utilises the still gases for neutralising the wet 
sulphat(% but first cools and purifies the ammonia by passage 
through a condenser and purifier. 

G. A. Philhpson 38 dries and neutralises the crude salt in a vertical 
cylindrical apparatus provided with hollow trays and rotating 
scrapers which pass the salt from one tray to another, steam or 
hot air bemg supplied to the hollow portion of the trays, and 
ammonia with hot air or other gas being passed through the 
cylinder. 

A. H. Thwaite and Pease and Partners, Ltd.,^^ treat the moist 
acid salt in a steam- jacketed drying cylinder provided with an 
Archimedean screw mounted on a hollow shaft having perfora- 
tions, through which the neutralising ammonia gases flow, and 
come in direct contact with the salt. 

G. Weyman32 claims that the neutral salt after leaving the 
centrifugal can be dried without application of external heat if 
efficient contact with air while the salt is hot is provided for. The 
salt is elevated and dropped over a screen, from which it falls in a 
fine shower into light heaps on the store-room floor. The screen 
may be mechanically agitated and provided with crushing devices 
for breaking up lumps. 

T. Lewis Bailey 33 gives further consideration to the working 
conditions in regard to extraction of phenols from,.the effluent 

*»E.P. 188,587 ; J., 1923, 54a. 
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Products Committee Report. E. Kilbum Scott in the Cantor 
lectures before the Royal Society of Arts gave a valuable resume 
of nitrogen fixation methods and explained ‘m detail the Kilbum 
Scott and Nitrum arc furnaces. 

The process devised by G. Fausser^^ has recently been applied 
on an industrial scale at Novara in Italy. This process is for the 
production of synthetic ammonia and somewhat resembles the 
Haber process. The hydrogen is «produccd by electrolysis in 
cells specially designed to avoid danger of explosion. The mixed 
gases arc passed over the catalyst at a pressure of 300 atmospheres, 
and any ammonia not liquefied is absorbed in water, this aqueous 
solution being used to lubiicate the compressor. An oxidat/.on 
plant of Frank and Caro, yielding 10 tons of nitric acid ])cr day, 
is attached, and the residual gases from this plant containing 
little oxygen and much nitrogen are burnt with the necessary 
quantity of hydrogen, by means of platinised asbestos, so as to 
remove the oxygc^n as water, and jiroduce an almost pure nitrogen 
gas for use in the main synthetic plant. This method of producing 
nitrogen would appear to be well worthy of consideration ai other 
plants where the main output required is nitric acid or nitrates. 

Ammonium Compounds. 

R. A. Mott and H. J. Hodsman^^ published results of work done 
on the dissociation of ammonia in the presence of coal gas, and 
also the influence of water vapour and various contact materials at 
high temperatures. In a previous communication possible 
oxidation of ammonia in crude coal gas by indrawn air was con- 
sidered to be negligible, ali preferential combination of the hydrogen 
present with such oxygen took place, and in presence of air oxida- 
tion of ammonia was retarded by the presence of water vapour. 
The experiments were only conducted up to temperatures of 
about 800° C., while these later experiments have been taken to 
higher rathges. Generally the results obtained confirmed the 
work of G. E. Foxwell,^^ except that the authors find that the 
velocity of decomposition increases fairly rapidly with rise of 
temperature. Firebrick material “ chattered ” by the action of 
salt ‘vapours in a coke oven proved an active catalyst, and the 
catalytic activity of brick material was found to depend on the 
proportion and condition of the iron present. 

Further progress has been made ^nd experience gained in the 
production of neutral, dry ammonium sulphate. This product 
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H. W. Wcbl) M. Taylor have ©xaniiiu'd the accuracy of 
tlu' nitrometer method for determination of nitrogen in nitrates 
and nitric acid, and %iind that when 1)1-92% sulphuric acid is, 
employed the correction of 0-35 c.c. of nitric oxide ])er 40 c.c. of 
sulphuric acid, as given l>y Tmnge, is too high, and should be only 
0-20 c.c. I'hcy also found that, with reasonable care as to loss of 
fume et(*., nitroimdi'r tests U’ere fairly accurate both mth nitric 
acid and nitrates. 

H. W. Webb^^lias published a book on lhe‘‘ Absorptionof Nitrous 
Gases,” which lias collected together in text-book form much of 
the research and expiuience gained at the (Jovernment Factories. 

Pascal and Garnur'^ Jiavo investigated the properties of 
mixtures of nitric and sulphuric acids in relation to specific gravity, 
spcf*afic lieat, and distillation, and their action on aluminium, 
steel, and lead, and have recorded data which should be extremely 
useful to the chemist dealing with the manufacture of explosives. 

Bokic Acid. 

Th(‘ production of boric acid from volcanic st(‘am in Tuscany^® 
has opened up a further source of supply of this commodity. The 
steam is tapped by means of bore-holes and issues at temperatures 
of 120''“13()° C. It is then condensed in boile^ip which generate 
steam for the production of electricity supplied to neighbouring 
towns. The condensed natural steam is evaporated in shallow 
lead-lined troughs by means of the partially exhausted steam, and 
from the concentrated liquors crude boric acid is deposited. The 
industry is still in its infancy, but an output of 10 tons a day of 
boric acid has been reached at the works at Castrlnuovo. 

Hydeogen Ion Concenteation. 

The modern method of investigation of dilute solutions by 
determining the hydrogen ion concentration has received further 
attention, and methods have been worked out for titration of 
salts which ionise in solution with electrometric control. •J. W. 
Shipley and I. R. McHaffie^^ have determined the limits of 
hydrogen ion concentration in relation to carbon dioxide, calMum 
carbonate, and calcium sulphate. The same authors^ have also 
determined the solubility and hydrolysis for saturated solutions 
of calcium carbonate. W. Mansfied ClarV has • published a 
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second edition of a text-book on determination-of hydrogen ions* 
The study of the hydrolysis of dilute solutions is coining more and 
more into prominence, and questions such ois the corrosion of iron 
and the « suitability or otherwise of certain water supplies for 
industrial purposes arc being dealt with along these lines. 

Hydrogen Peroxide. 

The extension of the use of hydrogen peroxide in the bleaching 
of textile and other products is dealt with by J.E. Weber, who 
gives evidence that in certain cases this method of bleaching is 
becoming an economic proposition, especially in such cases where 
the* ordinary hypochlorite method might endanger the fabric'.^ 

1 

Liquid Air. 

This article is becoming of rapidly increasing importance in 
connexion with the fixation of nitrogen, in addition to being the 
main source of the oxygen now so largely in use in many directions. 
E. Fyleman^^ gave a valuable paper on the explosions which have 
occurred in liquid air rectification plant ; these explosions have 
been at times of a very serious nature, involving loss of life. The 
paper set forth the results of an investigation into the cause of 
these troubles aiAl created a very useful discussion of the problem. 
It was found that the chief cause of the trouble was acetylene, 
which was formed by the action of the compressed air on the 
lubricating oil of the air-compressor ; the acetylene was so stable 
at the temperature of the liquid oxygen bath that it accumulated 
there. The action on the lubricating oil was found to take place at 
fairly high temperatures, so that the keeping of valves and other 
portions of the compressors cool, and employing suitable ^ lubri- 
cating oil of high flash-point, and the banning of carbide in any 
form from the neighbourhood of the plant proved to be a sufficient 
safeguard against the occurrence of such explosions. A. E. 
Malpas referred to the adoption of the precaution of running off 
a sma|l portion of the liquid oxygen every hour from the receiver 
where the solid acetylene was trapped ; in this way in the Nor- 
wegian plants the accumulation of acetylene was avoided and all 
risk of explosion done away with. 

' Magnesium Chloride. 

P. Cottringer and W. R. Collins^’ produce anhydrous magne- 
sium chloride by heating the dry powdered oxide in a current of 
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dry hydrogen chloride gas at a temperature of 430°-550° C., any 
excess of hydrochloi4c acid gas being dried with concentrated 
sulphuric acid and used over again. 0. H. Weber and P* Siedler^® 
heat mixtures of ammonium chloride and hydrated magnesium 
chloride to produce anhydrous magnesium chloride. B. S. 
Kirkpatrick and F. S. Morgan^® propose to produce anhydrous^ 
metallic chlorides by ectinp upon a suitable alloy of the metal 
with chlorine gas, the alloy being in a molten state. 

Ozone. 

E. Hartman, in ohe course of a valuable resume of -the 
present position of the industrial application of ozone, describes 
thef methods of manufacture in ozonisers of the non-di('lectric and 
dielectric types. Experimental data are given of the action of 
ozonised air in accelerating the drying of varnishes, the bleaching 
of oils, and in the oxidation and drying of linseed oil. The use 
of ozone in the preparation and preservation of foodstuffs and in 
the prevention of moulds is referred to, and indications are given 
of the possibility of the many and varied industries to which it 
can be applied. 


Potassium and Sodium Salts? 

That the world’s future requirements of potash arc well assured 
for some hundreds of years appears to be the outcome of the 
year’s progress in regard to this important commodity. The 
output of potash from Alsace^^ reachecl the enormous figure of 
1,326,727 tons in 1922, as compared with 903,134 tons in 1921, 
1,222,370 tons in 1920, and 592,365 tons in 1919. In Czecho- 
Slovakia®^ large deposits of potash have been discovered, estimated 
to contain millions of tons. In Italy methods have been worked 
out for bringing into commercial utility the potash contained in 
leucite, a mineral occurring in very Jarge quantities among the 
lavas of the Italian volcanoes. The development of the potash 
industry from leucite has been due to Baron Blanc, whef, after 
overcoming considerable opposition and difficulties, has brojight 
the processes to a state of commercial utility. The pure mineral 
contains 21*5% of potash in the form of a double silicate of 
potassium and aluminium, and it is calculated that over the whole 
range of the Italian volcanoes the leucitic lavas contain at least 
8,786,000,000 metric tons of potash, making them the greatest 
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aeoumulation of potash silica rocks known. Three methods have 
been worked out for recovery of the potadi ; in each case the 
mineral after mining is crushed to a convenient size. h\ the f’rst 
])roce3S the mineral is treated with sulphuric acid, which dissolves 
out the potash and alumina, jnoducing a jjotash alum. In the 
second method the bed of crushed leucite is treated with chloride 
mother liquors and hydrochloric acid gas. which dissolves out 
the potash and alumina as mixed chlorides ; the ])otassium 
chloride is crystallised out tm cooling, while hydrated aluminium 
chloride is thrown down by further treatment of the cold liquor 
with hydrochloric acid gas, the residual mother liquor being 
used again for further treatment of leucite. The third metliod 
consists in trt'ating the leucite with slaked lime in autoclaves 
for three hours at pressures of about 200 lb. to the scpiare inch ; 
the liquid produced is used in the similar treatment of further 
batches of leucite until ultimately a 12% solution of caustic ])otash 
is obtained. The residue from the autoclaves has been found to 
make an excellent cement. 

When one looks back to the serious diOiculties experienced by 
the Allies during the (beat War in obtaining adequate supplies of 
potash materials, theses huge supplies now available, at present- 
day commercial prices, are yet another indication of the magician's 
wand which the chemical industry has so often wielded for the 
good of mankind. 

The British Cyanides Co. is now manufacturing potassium 
permanganate by electrolysis, a new industry for this country. 

J. W. Turrentine, H. Tanner, and P. 8. 8hoaif^^^ describe a 
method of producing potassium chloride from kelp brine, with 
recovery of iodine, and of sodium chloride of sufficient purity for 
table use. 

M. M. Green^^ gives a method of determination of potassium in 
acid-insoluble silicates, which depends on the assumption that all 
metals except potas ium<^ form perchlorates soluble in 97% 
alcohol. The method requires only 2-3 hours, and is said to be 
reliable to :r 0-2%. 

R Hubert^^ discusses the various methods of determining 
potash and describes a method of Przibylla in which the solution 
is shaken with an excess of sodium bitartrate solution, at a main- 
tained temperature of 18° C. ; the mixture is then filtered, and 
the filtered solution titrated either with A/10 sodium carbonate, or 
with A/10 sodium hydroxide, using rosolic acid as indicator. 
The potassium content is then read oil from tablqs or curves 

« j., 19.LV Ohan., 1923, 35, 159 ; J., 1923, 300 \. 

1923,923, 15, 153 ; J., 1923, 307a. 

«U.S.P. l,4t Ind. Mvlhousc, 1922, 88, 500; .Inn. Chm. AnaJyt., 1023, 
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constructed from results obtained from standard preparations. 
This latter method is s^id to take 40 minutes and to be accurate 
to 0*3% KgO. 

A new process for the manufacture of sodium thiosulpfiatc has 
been described by L. Hargreaves and A. C. Dumiingham.®® The 
process consists in producing the reaction between sodium sulphite 
and sulphur at such con(‘entr?tions that the interaction is rapidly 
increased, and a concentratea solution of the thiosulphate formed 
in which any excess of sodium sulphite is practically insoluble. It 
was found that this could be done in a digester provided with 
a mechanical agitator, into which solid sulphite and sulphur 
are •introduced along witii the requisite quantity of water. T4ie 
addition of further quantities of the solid reagents arc made from 
timt^to time, and the concentrated solution of thiosulphate is 
drawn off through heated vacuum filters and receivxu’s, and passed 
to crystallisers from Avluaice the mother liquor is returned to the 
^ digester. In this way costs of evaporation of •bulky solutions arc 
eliminated and a considerable output is obtained from a plant of 
comparatively small size. When supplies of cheap sulphite were 
not available the authors found that by treating sodium carbonate 
and sulphur in a preliminary tower with sulphur dioxide, and 
rumiing the product into the digester, an equally satisfactory 
process could be workt'd out on similar lines. Frothing troubles 
w^hich were expected, due to the evolution of the carbon dioxide, 
were overcome by means .of a special form of froth destroyer inter- 
posed between the tow'er and digester. The process seems to be 
distinctly good and should j)rove to be economical in working and 
easily elastic as to output. 

R. W. Merrinian®^ has pointed out that sodium hydrosulphite 
(Na 2 S 204 ) is coming more and more into use in industrial processes. 
Ill addition to its use in vat dyeing it may be used for the deter- 
mination of oxygen in gases, the removal of oxygen from gases 
for technical purposes, determination of nitro-compounds and 
dyestuffs, the manufacture of dyestuffs, intermediate products, 
and drugs, and the bleachmg of a variety of materials. It has 
become increasingly necessary to discover a convenient and 
reliable method of determining the hydrosulphide value of a 
given sample ; the indigo-carmine method is suitable for vat 
dyers who require to examine the material every day, but the 
apparatus required is complicated and a supply of 1D0% indigo 
must be available. The author describes a method of analysis 
dependent upon the action of iodine on the products formed 
when sodiunl hydrosulphite is dissolved in a solution containing 
excess of formaldehyde. Iodine is added in excess and titrated 

‘V., 1023, 147t. 
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back with standard sodium thiosulphate solution, using starch as 
an indicator. Messrs. Brotherton and Co., JLtd.,®® have published 
a method for determining sodium hydrosulphite which is dependent 
upon the reaction occurring with mixtures of potassium iodatc 
and potassium iodide according to the equation : — 

3Na2S20l+4KI03-[-2KI=3I2^ 3Nu2S04^ 3 K 2 SO 4 

Excess of thiosulphate is added ^and titration effected with 
standard N/IO iodine solution. Both these processes are un- 
affected by admission of oxygen, and with reasonable experimental 
care should prove useful and reliable methods. 

J. B, Firth and J. Higson^® have investigated the actioi^ of 
sodium hydrosulphite on silver chloride, both in the solid state 
and dissolved in thiosulphate solution, and in ammoniacal solufion. 
When the silver chloride is dissolved in thiosulphate a theoretical 
recovery of the silver is effected as sulphide, w'hen in ammonia 
as metallic silver, and it is suggested that recovery of silver from » 
silver chloride residues might be conveniently effected by these ' 
means. 

P. Pascal and Ero®® have studied the solubility and melting 
points of mixtures of sodium sulphate and sulphuric acid, and 
have investigated the possibilities of recovering the acid from 
such mixtures by retrigeration or by deposition of the mixed 
sulphates from more concentrated solutions. 

Sulphur ahd Sulphuric Acid. 

Ill the report for last, year attention was drawn to the fact that 
sulphur as a raw material for the manufacture of sulphuric acid 
had almost replaced imported pyrites in America, and that in other 
countries the use of sulphur in jilacc of pyrites was purely an 
economic question. In the early part of this year an agreement 
was ma(Je between the producers of sulphur in Italy and America®^ 
which fixed prices and alk)cated markets so that the industry in 
both areas should be maintained, and the world’s requirements of 
sulphur be met without either interest being killed. The Frasch 
prqpess had given the American producer such an enormous 
advantage in cost of production, from supplies which appear to bo 
inexhaustible, that there had been a serious danger of the Sicilian 
industry being abandoned, and although one always has the fear 
that combines of producers may militate against the buyer, yet 
the maintenance of the sulphur industry in both parts of the world 
should in the end be to the advantage of the consumer. During 

«« Chem. and Ind., 1923, 1131. 
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the year a further increase in the consumption of sulphur as a raw 
material for acid manufacture in the United Kingdom has to be 
recorded, and the appended table sets out the approximate amounts 
of pyrites, spent oxide, and sulphur so consumed : — 


Raw ^materials consumed for acid manufacture in Great Britain and Ireland. 
Louj tons. 


Year 

Pyrites. 

Spent oxide. 

Sulphur. 

1920 

086,000 

139,(K)0 

5,000 

1921 

313,000 

103,000 

8,000 

19£2 

391,000 

157,000 

30,000 ' 

1923 (estimate) 

348,000 

145,000 

66,000 


During the past year rather more acid has been made from the 
gases given off in the calcination of zinc blende in Great Britain, 
r and it is estimated that acid so produced during 1923 will represent 
some 27,000-28,000 tons as 100% acid, as compared with 17,000- 
18,000 tons during 1922. Such increased output has all been 
obtained from plant formcily in existence, and no real development 
has occurred during the year ; arrangements are, however, being 
made for starting up calciners in connexion with t|pe former Govern- 
ment plant at Avonmouth, so that possibly the year 1924 may see 
important developments in this direction. 

The advent of some simple ^nd inexpensive process for the 
conversion of these spelter gases into acid would alter the whole 
complexion of the problem, and it is possible that a process, such 
as that of Schmiedel, described earlier, may alter the whole position 
of acid manufacture in this country, 

C. DpP^ has described a modification of the tower system of 
acid manufacture in which the nitration of the sulphur gases takes 
place in iron vessels half fiUed with nitrous vitriol. There are six 
of such vessels placed in scries ; depitration takes place in the ^ 
first of these and nitration in the remaining five, the residual 
gases being passed through a coke-packed tower. The Sulphur 
gases are cooled and forced through the reaction vessels, and it 
is stated that results are comparable with those obtained in the 
original tower system. 

H. Petersen®® suggests passing gases bearing sulphur dioxide 
through a series of lead boxes packed with broken quartz through 
which nitrous vitriol is passed on the counter-current princi^e 
Both these suggestions appear to have insufficient provision W 
the necessary time contact to effect complete nitration of the . 
sulphur dioxide gases along with simultaneous revivification of 

« Chem,-ZeU.t 1923, 47, 485 ; J., 1923, 713a. 
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back with standard sodium thiosulphate solution, using starch as 
an indicator. Messrs. Brotherton and Co., JLtd.,®® have published 
a method for determining sodium hydrosulphite which is dependent 
upon the reaction occurring with mixtures of potassium iodatc 
and potassium iodide according to the equation : — 

3Na2S20l+4KI03-[-2KI=3I2^ 3Nu2S04^ 3 K 2 SO 4 

Excess of thiosulphate is added ^and titration effected with 
standard N/IO iodine solution. Both these processes are un- 
affected by admission of oxygen, and with reasonable experimental 
care should prove useful and reliable methods. 

J. B, Firth and J. Higson^® have investigated the actioi^ of 
sodium hydrosulphite on silver chloride, both in the solid state 
and dissolved in thiosulphate solution, and in ammoniacal solufion. 
When the silver chloride is dissolved in thiosulphate a theoretical 
recovery of the silver is effected as sulphide, w'hen in ammonia 
as metallic silver, and it is suggested that recovery of silver from » 
silver chloride residues might be conveniently effected by these ' 
means. 

P. Pascal and Ero®® have studied the solubility and melting 
points of mixtures of sodium sulphate and sulphuric acid, and 
have investigated the possibilities of recovering the acid from 
such mixtures by retrigeration or by deposition of the mixed 
sulphates from more concentrated solutions. 

Sulphur ahd Sulphuric Acid. 

Ill the report for last, year attention was drawn to the fact that 
sulphur as a raw material for the manufacture of sulphuric acid 
had almost replaced imported pyrites in America, and that in other 
countries the use of sulphur in jilacc of pyrites was purely an 
economic question. In the early part of this year an agreement 
was ma(Je between the producers of sulphur in Italy and America®^ 
which fixed prices and alk)cated markets so that the industry in 
both areas should be maintained, and the world’s requirements of 
sulphur be met without either interest being killed. The Frasch 
prqpess had given the American producer such an enormous 
advantage in cost of production, from supplies which appear to bo 
inexhaustible, that there had been a serious danger of the Sicilian 
industry being abandoned, and although one always has the fear 
that combines of producers may militate against the buyer, yet 
the maintenance of the sulphur industry in both parts of the world 
should in the end be to the advantage of the consumer. During 
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to be of such a small size that they adhere to the surface of the 
cleaned plate, thus fojming a protective coating against further 
corrosion by the acid. 

J. M. Taylor gave a useful paper on the determination of 
sulphm* in pyrites and in certain other sulphur compounds ; dis- 
crepaiicies in results in sulphur determinations are always liable to 
occur in the hands of dilTercnt operators, and the more the methods 
adopted can be standardised less will be the likeliliood of such 
disagreements. 

Rex Furncss^^ has reviewed the preferential oxidation of hydrogen 
sulphide in the presence of catalysts, including the purification of 
fuef gases with activated charcoal at ordinary air tempcratuces, 
and the hot purification method as adopted in the Claus kiln. 
Witfi activated charcoal the sulphur formed is r(‘(-*overed by suitable 
solvents such as carbon disulphide, but so far it is doubtful if 
the process can economically replace the iron oxide method of 
, purification. That there was considerable scope for further 
progress on these lines w as indicated, as methods for direct recovery 
of the sulphur by suitable catalysts might be both economical in 
operation and possibly profitable. 

In certain cases the reverse reaction, namely the reduction of 
sulphur dioxide to hydrogen sulphide or sulphur, would be 
extremely useful, especially if this could be done wnh gases in which 
the sulphur dioxide content was variable or low\ Some investi- 
gations have been carried out on this interesting problem. 

M. G. Tomkinsoii'”* reduces sulphur dioxide by passing the gas 
mixed with hydrogen over finely divided nickel or nickel sulphide 
at 400°-450'^ C. B. C. Stuer’® jiasses sulpliur dioxide along with a 
reducing gas over hydrated iron oxide, or hydrated oxides of 
chromfum or aluminium and also hydrated silica. B. Rassow and 
K. Hoffmann’^ have investigated the production of carbon disul- 
phide from sulphur dioxide and heated charcoal. So far there is 
no information that any of these attempts has met with "iiractical 
success. 

P. W. Edwards describes explosion troubles in the preparation 
of finely divided stilphur for use as an insecticide. The sulphur is 
prepared by spraying polysulphide solution into hot furnace gfilfecs, 
and collecting the fine sulphur in bag filters. It was found that a 
high electrostatic charge accumulated on the bags which probably 
gave rise to the fires and explo*sions, and eartfiing of the bags with 
a material such as aluminium, brass, lead, or steel is recommended. 

'%/., 192^, 294t. 
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Zirconium. 

The industrial application of the oxide of i'his metal has attracted 
further attention, and various methods have been suggested for 
preparation ot the oxide from the mineral. H. von Siemens and 
H. Zander’® prepare j)ure oxide by passing a stream of chorine 
over a mixture of Brazilian zirconia with 25% of charcoal heated to 
a temperature above 1000° C. ; crystalline ZrOClg is obtained, which 
is further purified and then ignited in air to produce pure oxide. 
F. G. Jackson and L. 1. Shaw” fuse zircon ia with a mixture of 
borax and sodium carbonate, dissolve the metals as chlorides, 
and then treat the dissolved chlorides with sulphuric acid to 
obtain the basic sulphate of zirconium and titanium. This process 
is said to be slow and tedious but eflicient for removing ’ton, 
alumina, and silica. J. W. Bain and G. E. Gollop’® digest zirkite 
with concentrated sulphuric acid and dilute the extract with 
water. The solution of basic sulphate is treated vdth calcium 
carbonate or chloride, and the calcium sulphate filtered olT, the 
filtrate considerably diluted, and the precipitate filtered, washed 
and ignited. L. E. Barton and C. J. Kinzie’*^ heat the mineral 
with an alkali bisulphaie, the resultant product being lixiviated. 
0. Rufi®® heats the ore with the requisite quantity of an alkali 
carbonate, the h'soluble zirconium compounds thus produced being 
dissolved in acid. 

Wise. Vcrdjjentl. Siuncn.s-lConzcrth 1022, 2, 484 ; J., 1923, 143a. 

’V. Amer. Chem. iSoc., 1922, 44, 2712; J., 1023, 182a. 
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GLASS. 

By E. A. Coad-Pryok, 

United Ghss Untile Ma7iufacturer8. 

Though it canncjt be said that the glass industry, during the year 
under review, has recovered from the grave depression which has 
prevailed in this countiy since 1920, there are unmistakable signs 
thii^ the worst times have passed, and Ave may expect in the near 
future a revival in most branches of the trade and a concomitant 
incr^se in the activities of the glass technologist. 

In the past year there has been a marked improvement in the 
general quality of both scientific glassware and glass containers. 
An interesting feature of the chemical glassware industry is the 
tendenej^ on the part of some manufacturers to concentrate on the 
production of glasses of a higher thermal endurance and mechanical 
strength than were formerly manufactured in this country. This 
entails a sacrifice of some desirable chemical properties, -notably 
the exceptional resistance to the action of alkalis, a property- 
which characterised English chemical glassware fro'm 1916 to 1921. 
In the opinion of those makers of chemical glassware who have 
modified their formuljB on these lines, the aAwage chemist will 
prefer to work with glassware with which he can take risks in 
heating and cooling, as compared to a glass which is inclined to be 
brittle, even though the latter glass is less Sbluble in his reagents. 

There appears to be a growing demand on the part of users of 
glass containers of all descriptions for colourless or “ flint ” glass, 
and at the present time many bottle manufacturers are producing 
from tanks bottles equal in colour and brilliance to those formerly 
made from pot metal. Three years ago six samples selected from 
the best bottles and jars then obtainabib (made in tank fumq.ces) 
showed an average iron content of 0-13% FcgOg. A similattest 
made recently showed an average iron content of 0-08% FcgOg. 

The general improvement in quality is due partly to the growing ' 
recognition of the importance of technical control and to the 
absorption into the industry of technically trained men, and 
partly to the activities of the Glass Research Association and the 
Department of Glass Technology at Sheffield University. 

The details of the work of the Research Association are not 
disclosed, but certain information is available. Investigations 
have been carried out at the National Physical Laboratory and at 
Sheffield University on behalf of the Association and also at the 
Association’s Laboratories in Bedford Square. 
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The fundamc^nial problem of tlio doterminatioii of the viscosity 
uf glasses covering the whole range of temperatures encountered in 
glass manufacture is being uiid(Ttaken at* the National Physical 
Laboratory, while at kSheiheld University among the investigations 
conducted liave been the function of arsenic in glass, the influence 
of water, chlorides, and sulphates on the properties of glass, and 
at the Laboratories of the Research Association investigations on 
the electrical conductivity of glassei'' have been carried out. It is 
unfortunate in the interests of the adAwcement of glass technology 
that the work of the Research Association cannot be jiublished, but 
this appears to be one of the insuparablc drawbacks which must 
al^yays be associated vith the formation of Research Associat^ns. 
A considerable portion of the work of the Association comes under 
the category of factory investigations, and it is to this work largely 
that we may look for the general improvement in the technology 
of the industry. 

This year, as in previous years, we find that the Department of • 
Glass Technology at Sheffield is responsible for many valuable* 
contributions to our knowledge of glass, m spite of the fact that 
the time of many of the members of the staff was occupied largely 
by work on behalf of the Glass Research Association. 

A number of papers on the manufacture and properties of some 
glasses containflig boric oxide are given in the March and June 
numbers of the Journal of the Society of Glass Technology, the 
papers bearing the names of W. E. S. Turner, V. Dimbleby, S. 
English, F. W. Hodkin, and M. Parkin.^ 

Three series of melts were made in 28-11). covered pots, a melting 
temperature of 1400° C? being adopted. Simple glasses containing 
only sodium oxide, boric oxide, and silica were made, the first 
series containing 20 % of sodium oxide, the boric oxide i 3 ontent 
varying from 0 to 45%. In the second series the sodium oxide 
was maintained at 10%, the boric oxide varying from 15 to 50%, 
and in l^e last series the sodium oxide content was 5"/[„ the boric 
oxid^ varying from 20 to *45%. 

In,theso series no evidence ^of the segregation of glasses into 
immiscible layers of differing composition, as has been suggested 
by* earlier workers, was observed. The specific gravity and 
refractive index of samples were taken from (Merent depths in the 
pot to corroborate this. 

With a constant sodium oxide ‘content the time required for 
melting decreased rapidly as the silica was replaced by boric oxide. 
The authors observed, however, that with these glasses the time 
required for melting is reduced by the substitutioii of sodium 
oxide for boric oxide if the silica is unchanged ; thus a glass 
containing SiOg 75%, NagO 10%, B 2 O 3 15% required seven hours 

» J. 80c. Glass Tech., 1923, 7, 57, 73, 78 ; J,, 1923, 651a. 
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lo inell, wliik' a glass of tlio composition SiO^ 75%, NagO 20%, 
BgOg 5% molted in H hours. This is contrary to the general 
opinion held in the ^ass house, the opinion being that borax is 
more potent as a “ flux ” than is sodium oxide. This in fact is 
])robably the case with certain compositions outside the range 
covo’v'd by these pa})ers. 

During the melting process it was found that some of the glasses 
showed a tendency to f(>rm a viuni in the pot and in some cases 
stones ap].)earcd to be formed. The glasses rich in boric oxide, 
jmrticularly those in the first series (containing 20 NagO) showed 
a marked tendency to a “ re-boil.” A copious evolution of gas 
wi\^ observcfl in some c m^s when the surface of the glass ^^as 
disturbed ])y the gathering iron. This phenomenon is a common 
occifrrence in works ])ractice Avhen melting glasses containing boric 
oxide and also with barium glasses and some others. 

Considerable losses of both boric oxide and sodium oxide occurred 
during the melting, the percentage lost varymg with the duration 
of the melt and the fluidity of the glasses; up to as much as 15% 
of the whole lx)ric oxide content and 10% of tlie sodium oxide 
content was in some cases volatilised. 

The substitution of silica by boric oxide produced a marked 
increase in the temperature coefficient of viscos^y. The glasses 
high m boric; oxide were too fluid to gather conveniently on the 
blowing iron, but set extremely quickly, forming a hard skin 
when marvering. In all the series when the boric oxide content 
reached 40- 15%, gathormg and tube drawing became impossible. 

All the glasses in the series containing kO and 20% NagO which 
could be drawn into tubing w'orked well in the blowpipe. In the 
series containing 5% of Na^O, glas.ses containing more than 35% 
B2O3 showed evidence of devitrification, an opalescence appearing 
on reheating or slow cooling. A similar effect was produced in the 
10% NaoO series with more than 40% BgOg. ^ 

Excessive quantities of boric oxide detracted from the durability 
and the following glasses were found to show signs of weathering 
on storage 


yiOg. 

Na,0. 

B2O3. 

80 

20 

0 

40 

20 

40 

35 

20 

45 

50 

. 10 

40 

45 

10 

45 

60 

5 

35 

55 

5 

40 

50 

5 

45 


The three latter glasses showed a surface film after 24 hours’ 
storage, whereas the second and third in the list took four months 
to deteriorate to the same extent. 
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Examination of tho physical properties showed that the approxi- 
mately linear relations generally observed between the composition 
and the values obtained for physical constants did not apply to 
these glasses. Determinations were made of the annealing tem- 
perature, thermal expansion, specific gravity, and refractive index ; 
the disperson was also determined. Keeping tho sodium oxide^, con- 
stant, substitution of silica by boric oxide increases the annealing 
temperature, lowers the co- efficient of expansion, and increases 
tho specific gravity and refractiv^e index. The effect, however, is 
not linear, maxima or minima occurring in every case at the 
following concentrations of boric oxide : — 

20%Na2O. 10%Na2O. ^ 

'Annealiiig temp, (max.) .. 16-17% 10 12%B,03 

Thermal expansion (min.) .. 16-17% BgO 3 .. 20% B2O3 

Sp.gr 16-17% B2O3 .. 10-12% BjO^ 

Refractive index (max.) .. 30%B2O3 .. 10-12% BgO 3 

Excepting the anomalies in the case of the thermal expansion 
in the 10% soda scries and the refractive index in the 20% soda 
series, w'hich are remarkable, there appears to bo no doubt that 
this discontinuity in the physical properties is established. (The 
discontinuity in the coefficient of expansion has been observed by 
earlier workers.) 

The following are lire maximum and minimum values obtained 
in the series of glasses examined : — 

20%Ntt2O. 10%Na2O. 

Max. Min. Max. Min. 

Annealing temp. . . 570° C. 50.5° C. . . .507° C. 495° U. 

Thermal expansion 0*15 :< 10“® 8*05 x 10~®. . 6*06 x 10"® 4*97 x 10 ® 

Sp.gr 2*51 2*.37 .. 2*47 2*02 

Rofractivo index . . 1 *.j25 ]'490 .. 1*505 1*488 

Interesting observations on the hardness of the glasses in these 
series were made. It was found that those compositions which 
gave the maxima or minima in the physical properties yielded 
glasses remarkably hard and difficult to cut with a file. It was 
further observed that in the 20% soda series the maximum dura- 
bility to water occurred when the boric oxide content lay between 
11 and 14%. 

Ill a paper on the density of glass near its annealing temperature, 
8. English^ has described the changes of mobility of a number of 
glasses over a range of about 200° in the neighbourhood of their 
annealing temperature. The glasses examined covered the 
complete range of soda lime, soda magnesia, and soda alumina 
glasses and in addition one soda lead silica and one potash lead 
silica glass. The author adopted the extension method, observing 
the rate of fall of a weight attached to the glass under test. He 
found that in all tho glasses tested the temperature coefficient of 
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viscosity was approximately constant near the annealing tem- 
perature, and ho obtained the equation for the mobility temperature 
relations M~K.2/®'®. (Twyman in 1917 suggested 
Although the mobility temperature curves are approximately 
parallel near the annealing temperature, at higher temperatures 
the curves diverge. In the case of the alumina glasses the curves 
remain more nearly pa^’allel +o the curve obtained for sodium 
silicate than do the soda lime g.asses(the latter give a log mobility/ 
temperature curve which is nearly linear over the range examined.) 
As the proportions of ’'.me, magnesia, and alumina in the glass 
increase in each series the rise of temperature required to give twice 
the mobility increases. *^in the general formula given above this 
temperature rise is 0'\ In the lime and magnesia series these 
temperat\ires (near the annealing ])oint) are as follows: — 



Tomporature 


T('Tn})ei‘aturo 

% CaO. 

intorvul. 

% MgO. 

interval. 

0-2 

8° 

0 

8° 

2-G 

9° 

2-5 

9° 

4*5 

9“ 

5-1 

10° 

7 ‘5 

9^^ 

7-5 

ir 

9-3 

10'’ 

9-3 

12'’ 

10-4 

10° 



11*7 

ir 




It will be seen that these temperature interv^al^ are very similar 
in the two series. The alumina glasses and the alkali lead silica 
glasses give similar curves, with a temperature interval from 8° 
to 9°. At higher temperatures, hovrever — about 150° past the 
annealing temporal lire — ^this interval increases to approximately 
14°. This increase of temperature decreases as the lime, magnesia, 
or alumina content of the glass increases. In the lime series the 
tompe^ature interval for the first five glasses shown above rises to 
14°, but with the last two it remains at about 11°. In the magnesia 
series up to 5% MgO the temperature remains at 14°, but with 
7% MgO this falls to 13°, and at 9-3% to 12°. The alumina glasses 
are similar in behaviour to the magnesfu glasses. 

In the lead glasses the interchange of sodium and potassiuiji does 
not greatly affect the slope of the curves, but the soda glass was 
considerably the softer of the two, the amiealing temperaiure 
being about 14° lower. 

It appears probable that, in view of the curves obtained from 
these series of glasses, the ^workability or “ sweetnqps ” of glass 
depends very largely on the softness of the glass, although a large 
variation in the temperature coefficient of viscosity must be 
apparent w|jen working the glass. In the lead glasses referred to 
above, the soda glass was found to be very appreciably easier to 
work than the potash glass, the former having an unusually long 
working range. In this csise probably the heat lost by radiation—^ 
varying as the difference between the ‘4th powers of the absolute 

0 
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temperatures of the glass and those of the surrounding bodies^ 
will bo tlie determining factor, iho difference in the lieat losses 
from two glasses being about 25%, whereas since the tem- 
perature/viscosity cuiwes ar(^ a])proximaiely parallel this latter 
f'lctor will not exert a large intiuenc(‘ on the relative “ sweetness " 
of the two glasses. The author points out, however, that at higher 
temperatures points of inflexion in some of the temperature /mobility 
curves will ])rohably occur, and then the larger deviation between 
the slop(‘s of tlie curves will heeome more a])])ai’ent in its effect on 
the workability of the glass. 

Several important pa])(‘rs d(‘al with the (lura])ility of glass. 
These papers are of impoitance, sinc(‘ ttiere a])poars to In^ some 
likelihood of an (dfort b(‘ing made in tlie near future to esta\)lish 
standard specifications for gkasswans and before any satisfactory 
standards can bo adopted a really satisfactory (juantitative test 
for durability must be discovered. 

W. L. Baillic'^ eonskh^red that the autoclave fui‘nish(‘d the most 
satisfactory means of estimating duralulity. He ])ointed out that 
the test must not ])e made too severe since the alkali liberated 
might react with the dccom[)osition products of the glass and tlu^ 
estimation of the corro.sion by titration of the alkalinity (the best 
method in his opinion) would come out too low. Ho advocates 
titration with NjiyiM) acid using as an indicator an ethereal solution 
of iodocosin. 

The following tests v'ere stiggested as a standard : — 

Resi.stanc‘o gla.ss . . . . . . . . 3 hours at OO 11). ])]’ossur() 

iSuporior blown w*aro *>. . . . . . 3 ,, ,, 00 ., ,, 

Soi'ter blown ware. . . . . . ' • 30 

Bottlos for ordinary laboratory pur]) 0 Hes ” " ' ’* 

He emphasised the value of increased sharpness of discrimination 
which could be obtained by a judicious selection of the conditions 
of test. <This is shown in tho following table, which gives the 
mg. of NagO liberated per cm. in one hour from a series of six 
glasses^ of varying composition : — 


2 Atmosphoros, 

4 Atmospheres. 

0 Atmosphon^s. 

, {i2r^c.). 

(144° C.). 

(151° C.). 

003 

Oil 

0 12 

0 02 

0-04 

0-03 

0-23 

0-78 

1-00 

0-22 

0-4.7 , 

0-79 

(M)3 ' 

0-03 

0-07 

O-Oa 

0-26 

0-28 


He pointed out that in tho test at 6 atmospheres all the glasses 
were distinguished, whereas the tests at lower pressures, although 
dividing the glasses into groups, did not differentiate the glasses 
completely. 

■' J. Sor. fjlris's Tr'cli., 1023. 70 t J.. 105.3. 3A0a. 
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VV. H. Wit hoy' pointed out that tho autoclavo might givo 
anomalous results uncicr certain circumstances, siuco the products 
(^f decomjiositioii in some glasses seemed to protect tho glass from 
further corrosion. Tho test, therefore, was in some cases really 
measuring not so much tho rate of corrosion hut tho degree of 
prot(!ction afforded hy the decomposition products under the 
conditions of the test. He considered that further work was 
necessary heforo the resoltr. obtained from the autoclavo test 
could be accepted without close examination. 

F. W. Hodkin and W. K. S. Turner*'’ givo the results of tests 
carried out on a scries of simi)le soda lime glasses. The glasses 
wcr(‘. tested at pressures varying from 2 to 25 atmospheres hnd 
losses in weight from tho action of both steam and water were 
determined, together with the Na.,0 extracted. (Considering the 
results obtained in conjunction Avith the results from earlier work 
with glasses of widely different composition, the authors conclude 
that the autoclavo test, while giving valuable information in 
certain cases, is not suitable as a single test for durability. An 
instance was cited \vher(‘ a glass which Avas satisfactory when tested 
Avith boiling water (comj^ared Avith the best resistance glasses) 
broke down completely under the autoclavo test. Tho authors 
emphasise the variation in the degree of attack by steam and by 
water under ])r(‘ssure, glasses containing alumina, boric oxide, and 
zinc oxide being little affected by steam. A^hereas the soda lime 
glasses showed mor(‘ attack from steam than from Avater. The 
authors point out (and this Avas emphasised in the discussion which 
folloAved tho paper) that tho physical (condition of the surface 
exerts a marked influence on the rate of corrosion. 

Turner has pointed out that there is still much to be said in 
favour of testing glass in the poAvder form, since the results are 
obtained from freshly fractured surfaces and the values recorded 
are a more satisfactory criterion of the durability of the gkss itself, 
apart from any influence which the phymeal condition of the surface 
may have. ^ 

An interesting observation on tho variation of the physical pro- 
perties of a glass surface Avas reported by C. N. Hinshelwood tad 
H. Hartley, who found that when decomposing formic acid at 
300° in glass atssoIs, using one glass, about 70% of carbon dioxide 
and hydrogen was obtained, •while Avith a different glass only 
16*5-19'1% was obtained. 

The use of a solution of narcotine hydrochloride is advocated by 
H. S. Blackmore, V. Himbleby, and W. E. S. Turner’ as a suitable 

* J. Soc. Glass Tech.; 1923, 7, 89 ; J., 1923, 309a. * 

Ibid., 1923, 6, 291, J., 1923, 310a. 

® Qhem. Soc. Trans., 1923, m 1333 ; J., 1923, 830a. 

’ J. Soc. Glass Tech., 1923, 7, 122 ; J., 1923, 831a. 
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reagont for the rapid examination of the dui*ability of glasses. 
The test is carried out as follows : — A solution of narcotine hydro- 
chloride is heated to 100° C., and the vessel to be tested is also 
heated to 100° in a water bath. When the temperature of both 
the reagent and the vessel under tost reaches 100°, 50 c.c. of the 
solution is introduced into the vessel and the mouth is closed with 
cotton wool. I'he \^e,ssel is kept under observation and the time 
taken for precipitation is noted. If a precipitate appears in less 
than 10 minutes the glass is unsatisfactory. If the precipitate 
appears after 10 minutes and increases during an hour the glass is 
suitable for some ])urposes, but not as a container of medicinal pre- 
parations. Minute needles appearing in from 15 to 20 minm^es, 
but not increasing in quantity appreciably in an hour, denote that 
the glass is quite satisfactory for general use. No precipitate itc all 
occurring during the hour indicates that the glass is of excellent 
quality. It is necessary that the vessel to be tested be cleaned with 
dilute acetic acid, distilled water, and alcohol before testing. 

The question of the establishment of .standard specifications for 
glassware has been discussed at two meetings of the Society of 
Glass Technology during the year. The general opinion appears 
to be that the time is ripe for such a step, although at present no 
agreement has been reached as regards the standard tests to be 
adopted. 

It is suggested that a preliminary specification shall bo framed 
to exclude obviously unstable glass, and it is urged that all users 
of glassware shall purchase on this specification. Recently a 
number of cases have been brought into prominence where glasses 
of undeniably unstable ‘ composition have been made and dis- 
tributed, the resulting danger of the contents of the container 
being contaminated with matter dissolved from the glass being 
obvious. 

Turner has advocated that the narcotine hydrochloride test 
be adopt'ed. It has been stated, however, by other workers that 
the end point in that test* is not sufficiently sharp to enable the 
test t® be applied universally as a standard. It has been suggested 
that a test with boiling water for six hours and a subsequent titra- 
tion with acid, using phenol red or broraothymol blue as an 
indicator, is more satisfactory.* 

It appears that further work is necessary before a specification 
can be drawh up. T. Kato® suggests specifications for laboratory 
glassware based on a large quantity of experimental work. He 
advocates a boiling water test of six hours, the maximum loss in 
weight allowable being 5 mg. per 100 sq. cm. In ‘three hours’ 
boiling wath hydrochloric acid ll2% solution) the specimen should 

* See L. A. Palmer, J. Amer, Ceram, Soc.f 1923, 6, 579 ; «/., 1923| 451a. 

® J. Jap. Ceram, Assoc., 1928, 367. 
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not lose more thai#5 mg. per 100 sq. cm., and in three hours’ boiling 
with a 2% caustic soda solution should not lose more than 30 mg. 
per 100 sq. cm. The water obtained from the boiling water test 
should show no alkaline reaction with rosolic acid. Tests for 
thermal endurance arc also given. The work merits careful 
consAk-ration. 

An interesting paper by A. R. Sheen and W. E. S. Tumei^® 
discusses the inlluencc of tite ' i on the properties of glass. When 
the melting conditions are oxidising, titania imparts no appreciable 
colour to the glass. Under reducing conditions, however, colours 
ranging from a light amber to a dark brown are produced. It is 
de*rablo, therefore, that i' urates be present in batches containing 
titania which are used for colourless glass. 

Ttie chemical properties of the titania glasses arc good. In 
general durability they are superior to the lime glasses, resembling 
the magnesia glasses. The titania glasses possess lower annealing 
temperatures than the corresponding lime or magnesia glasses. 
Titania reduces the tendency to devitrification and the glasses 
have good working properties. The glasses exhibited a high 
thermal endurance. Specimens gathered from the j)ot did not 
crack when cooled quickly. Determination of the coefficient of 
expansion showed that the effect was not due to an abnormally low 
expansion. It must be concluded, therefore, that T he high thermal 
endurance found is due to the strength or elastic properties of the 
glasses. Titania is used at the present time both in heat-resisting 
glasses and for the production of amber glasses. 

The importance of cold work on the pro])orties of glass has been 
noted by several workers. If subjected* to deformation over a 
particular range of viscosity, birefrigence which camiot be removed 
by the* ordinary process of annealing is found. The present writer 
has observed glasses which have been worked too cold and which 
required heating to temperatures 150° above the normal annealing 
temperature to remove the birefrigence seen under crossed nicols. 
Turner has stated that a certain glailli required to bo heated as 
much as 250° above annealing temperature to remove this apparent 
strain. 

Startling changes in the mechanical properties of glass have been 
noted as a result of small alterations in the process of manufacture, 
by means of which the temperature gradients in the glass are con- 
trolled prior to blowing. In tiew of the fundamental importance 
of this question the recently published work of L. N. G. Filon and 
F. C. Harris ^ is of great interest. They subjected specimens of 
dense lead glasses to a load at a temperature of 400° ; this load 
was held for a considerable period and the glass was then cooled 

Soc. Glass Tech., Oct. 17, 1923. 

^ Proc. Boy. Soc., 1923, AlOa, 661 ; J., 1923, 774a. 
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reagont for the rapid examination of the dui*ability of glasses. 
The test is carried out as follows : — A solution of narcotine hydro- 
chloride is heated to 100° C., and the vessel to be tested is also 
heated to 100° in a water bath. When the temperature of both 
the reagent and the vessel under tost reaches 100°, 50 c.c. of the 
solution is introduced into the vessel and the mouth is closed with 
cotton wool. I'he \^e,ssel is kept under observation and the time 
taken for precipitation is noted. If a precipitate appears in less 
than 10 minutes the glass is unsatisfactory. If the precipitate 
appears after 10 minutes and increases during an hour the glass is 
suitable for some ])urposes, but not as a container of medicinal pre- 
parations. Minute needles appearing in from 15 to 20 minm^es, 
but not increasing in quantity appreciably in an hour, denote that 
the glass is quite satisfactory for general use. No precipitate itc all 
occurring during the hour indicates that the glass is of excellent 
quality. It is necessary that the vessel to be tested be cleaned with 
dilute acetic acid, distilled water, and alcohol before testing. 

The question of the establishment of .standard specifications for 
glassware has been discussed at two meetings of the Society of 
Glass Technology during the year. The general opinion appears 
to be that the time is ripe for such a step, although at present no 
agreement has been reached as regards the standard tests to be 
adopted. 

It is suggested that a preliminary specification shall bo framed 
to exclude obviously unstable glass, and it is urged that all users 
of glassware shall purchase on this specification. Recently a 
number of cases have been brought into prominence where glasses 
of undeniably unstable ‘ composition have been made and dis- 
tributed, the resulting danger of the contents of the container 
being contaminated with matter dissolved from the glass being 
obvious. 

Turner has advocated that the narcotine hydrochloride test 
be adopt'ed. It has been stated, however, by other workers that 
the end point in that test* is not sufficiently sharp to enable the 
test t® be applied universally as a standard. It has been suggested 
that a test with boiling water for six hours and a subsequent titra- 
tion with acid, using phenol red or broraothymol blue as an 
indicator, is more satisfactory.* 

It appears that further work is necessary before a specification 
can be drawh up. T. Kato® suggests specifications for laboratory 
glassware based on a large quantity of experimental work. He 
advocates a boiling water test of six hours, the maximum loss in 
weight allowable being 5 mg. per 100 sq. cm. In ‘three hours’ 
boiling wath hydrochloric acid ll2% solution) the specimen should 

* See L. A. Palmer, J. Amer, Ceram, Soc.f 1923, 6, 579 ; «/., 1923| 451a. 

® J. Jap. Ceram, Assoc., 1928, 367. 
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Recent remark^ by W. Rosenhain on the atomic structure of 
amorphous bodies^^ suggest that it may be possible to account for 
these phcnomema wiAout the assumption of the presence of a 
crystalline phase. The existence of asymmetric groups of atoms, 
smaller than the crystal unit, may explain many if not all of the 
T)hcnomena oncountcTcd in the study of the effect of the deforma- 
tion of glass at its critical viscosity. However, it is premature to 
discuss this further at th^ pre.-^mt time. 

It has been remarked that u,ll glasses after annealing exhibit 
fluorescence wlien exposed to ra,ys of short wave-length. With 
ra])id cliilling, howe /or, this fluorescence may be suppressed. 
.1 . jt. C/larke ex])oscd thiee soda lime glasses to radium emanation 
until the fluorescence (u'ased and the glasses were cifloured a deep 
brov'u. Tlio glasses wtue then heated at temperatures of 110°, 
1S0°, 235°, and 350°. The fluorescence was again observed during 
the heating, and continued for a certain fairly definite period 
(which varied with tlu^ temperaturi^ and the composition of the 
glass) until the coloration had disappeared. Presumably this 
fluorescence indicates a molecular change occurring in the glass. 
At 110" 13 minutes (‘la]>scd before tlic fluores(;ence disa])pcared 
while at 350° it as us absent in about 30 s(;couds. The glass con- 
taiiiing the higluist amount of lime fluoresced for 15 hours at 
t)5'’. by e.vtrapolation it seems that the fluorescctice would vanish 
instantan(‘()usly at the annealing temi)crature of the glass. 

\hrious investigations on tlie permeability of vitreous bodies 
to gases haAn boon made. J. B. Johnson and R. C. Burt^^ find that 
hydi'ogen diffuses through fused silica in high Ancua even at room 
temperatures. An easily i)ereeptil)le rat » of diffusion occurs with 
hy(lrog(‘n at 300° and Avith jiitrogen at 000°. There is a rapid 
rise in the diffusion velocity Avith a rise in temperature. G. A. 
Williams and W. B. Fergusoid® note that at 500° the rate of 
diffusion of helium through fused silica is 22 times that of hydrogen. 
Both Pyrex and Jena glass are impermeable to hydrogen, but 
Jena glass is permeable lo helium. • 

A number of papers dealing with the colour of glass have been 
published. K. Fiiwa^^ gh^es a series of papers relating to the 
colouring effect of tungsten, molybdenum, manganese, antin^pny, 
chiomium, and vanadium. 

Tungsten salts or oxides can bo used as opacifiers in glasses, 
particularly in the absence o£ boric oxide. No coloration is pro- 
duced. The presence of metallic tungsten gi\ cs a grey colour and 
sometimes yelloAv or orange tints. An excess of tungsten salts 

Britisli* Association, Liverpool, 19211. 

PMl Maq.y 1923 , 45, 735 ; J., 1923 , 402 a . 

Opi. Soc. Amcr., 1922 , 6 . 734 . 

Amer. Chem. Soc., 1922 , 44, 2160 ; J., 1022 , 983 a . 

J. Jap. Ceram. Assoc., 1023 , 366 , 370 . 
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gives rise to glass gall on the surface of the pots. ^.The scum consists 
, of alkali tungstates. 

Molybdenum imparts no colour to the glass. It can bo used as 
an opaci^or in glasses of suitable composition. Ammonium molyb- 
date is the most convenient source of molybdenum to use. All 
molybdenum glasses have a tendency to become opalesceij^t on 
reheating. With an excess of 5% a white gall of alkali molybdates 
is formed. 

Nearly 600 meltings were carried out in the investigation on 
the colouring action of manganese. The effect of manganese 
was studied with glasses containing Na, K, Ca, Mg, Zn, Ba, Pb. 
MugOg is the stable oxidised form above 530° C. in air. S^da 
glasses are pink, but potash glasses are not so clear with low con- 
centrations of MiigOg. With largo quantities of MngOg the goda 
and potash glasses give similar results. MnO gives pale yellow or 
blue glasses. It is suggested that the MnO 2 dissociates into 
.rMugOg + ?/Mn() + ;:Mn02 and the conditions of melting and 
composition of the batch determine the values of x, y. and and 
the consequent coloration produced. In general, MnO 2 produces 
a brown colour, Mn 203 pink or purple, and MnO no colour or faint 
blues and greens. The addition of arsenious acid reduces the 
colour due to MnO 2 to a marked extent. 

Antimony imparts no colour to glas.ses. Antimony glasses if 
heated in a reducing fire gives iridescent effects. 

Chromium gives a yellowish-green colour. The addition of an 
oxidising agent increases the yellow tint, a reducing agent detracts 
from it. The colours produced by the addition of potassium 
bichromate are more yellow than if the chromium is added as 
chromic oxide. The composition of the glass greatly affects the 
colour produced. 

Vanadium is similar in its effect to chromium except that the 
colours are more yellow. The composition of the glass makes no 
difference to the colour produced. The yellow colour is enhanced 
by the addition of oxidising agents and is retarded by reducing 
agents and by arsenic. 

It i^ interesting to observe in Fuwa's work that arsenic appears 
to act as a reducing agent in every case. 

Tne effect of the addition of sodium or potassium chloride on 
the colour of glasses is described in a patent granted to the 
Coming Glass Works. The presence of chlorides causes increased 
absorption at* the red end of the spectrum. This effect is partic- 
ularly marked in the case of glasses coloured with nickel or cobalt, 
; , more especially if boric oxide be present. It is stated ^that cobalt 
i will give a pure blue or even a green if chlorides be present in suit- 
able concentration. 


i®E.P. 192,919; J.. 1923, 355 a. 
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A notable advajice in the technology of the decolorising of gla^ 
is patented by W. C. Taylor (assigned to the Corning Glass 
Works).^® Neodymihm oxide (NdgO^) is used. An oxidising 
atmosphere is necessary for successful decolorisation and antimony 
or arsenic must not be present in appreciable quantities. This 
decoloriser is only effective in highly acid glasses, for example, 
those containing over 80% of silica if boric oxide be absent, or 
where boric oxide is present in quantities not less than about 50% 
of the whole constituents of the glass exclusive of silica. Any 
source of neodymium oxide was suitable for use, provided the other 
materials did not destroy the acidity of the glass. Commercial 
“ (Jidymium oxide ” was eon venient. The oxide was used in the 
proportion of 0*5-1% as a decoloriser ; 5% yielded a pink colour 
(th(^ neodymium replaced silica in the batch). 

J. Mori^® has investigated a series of soda lead silicate glasses 
and, assuming the usual formula for the coefficient of expansion 
3a = 'Hpz, and assigning the values for z obtained by Turner for 
SiOg, CaO, AlgOg, and MgO (namely 0 05, 1*53, 1*53, and 0*46 
respectively for the linear expansion), calculates values for PbO 
and NagO from his experimental results. He has assigned the 
coefficient for lead of 0*938 and for NagO 4*7 (Turner obtained 4*3 
for NagO), 

The following miscellaneous papers are also tf importance : — 
“ Analysis of bubbles in glass (Ryde and Huddart, Physical 
Society, April, 1923) ; “ The electrical properties of flint glass 
(Addenbroke, Phil. Mag., 1923, 45 , 516) ; “ Deformation study of 
silicates (B. A. Rice, 1923, J. Amer, Ceram. Soc., 6, 525). 

U.S.P, 1,449,793 ; E.P. 194,888 ; J., 1925, 454a. 

J. Jap. Ceram. Assoc., 1923, 368;. 
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CERAMICS, REFRACTORIES, AND BUILDING 
MATERTAr.S. 

By a. N. White, D.Sc. (LoikI.), 

Coiisulting Chemist to the llogal }VorceJster Porcelain Co. 

The writer of the report for 1922 expressed the opinion tliat the 
results of the year were of a somewhat meagre character, and it 
is £l matter of regret that the same must be said of the results for 
1923. It is hardly fair to consider the ceramic indust ri(;s in^the 
same light as others, which are cajiablc to a much greater extent 
of utilising scientiftc methods and profiting from the general 
advancement of chemistry, physics, and engineeiing. 'Jlie 
complexity both of the materials used and of tlie type f)f work 
involved, prevents the direct application of many improvements of 
a general character made use of by other industries, and this 
difficulty is undoubtedly responsible for that conservative view- 
point which is usually considered typical of ceramic manufacturers. 

Clays and other Ceramic Minerals. 

H. H. SortwelB has carried out an extremely detailed examin- 
ation of some American and English ball clays. The ])ro])erties 
considered are the water of plasticity, the volume shrinkage on 
drying, the residue on l20-mesh sieve, the cohesion of the plastk; 
clay, the transverse strength in the form of bars of a dried mixture 
of clay with an equal weight of flint, the rate of flow as slips 
containing from 3 to 40% of clay, the porosity, the time retpiircd 
for the complete oxidation of organic matter at 750° C., the effect 
upon the colour when emj)loyed as a component of a standard 
body, the apparent and true densities, and the proportion of sealed 
pores, t after firing to various temperatures. vSix American and 
fifteen English ball clays were thus examined, so that the work 
mu^c be regarded as comprehensive and of general utility. Apart 
from the sound and detailed information it gives, some of the 
rather anomalous results are noteworthy. Thus, in spite of the 
American ball clays being practically equal to the English in 
plasticity, they gave less strength to the body when dry, a fact, 
perhaps,' explained by the general lower content of organic matter 
in American clays. The outstanding advantage of the English 
ftble^ooncSi^ constancy in volume and porosity through a 

j* p jg2 f^ldndarijls, Tech, Paper 227, 1923, 17, 153 ; J., 1923, 
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considerable tem{)erature range, whereas the American clays 
suffered variation in J:hcsc respects. On the other hand, English 
clays affect the colour of the ware more seriously, so that for a 
given tone a higher admixture of American clay is pehnissible. 
This, however, entails raising the flux content to maintain a 
constant vitrification temperature. The body thus produced 
would have the advantage of being more plastic, but entafls expert 
burning, as variations in cem/ ature in the kiln moan differences 
in shrinkage. 

A paper by C. E. upon the behaviour in the course of 

burning of Stourbridge fireclays is typical of much of the work 
which is being carried out at the present time. The properties of 
the ^fireclays which were brought under observation were : the 
volume changes, porosity, specific gravity, hygroscopicity, solu- 
bility in acids, heating curves, and dehydration. The details of 
this extensive examination need not be dealt with here, but the 
original paper should form very profitable reading for anyone 
directly or indirectly interested in fireclays. 

Two papers have appeared dealing with the functions of colloidal 
plasticity in clays and related minerals,^ and the results confirm the 
expectation that the presence of water is essential to the assumption 
of the colloidal state by a part of the clay, and* that this action 
performs a part of the work done in vitrification. Thus a plastic 
clay on heating undergoes a hardening without loss of the combined 
water, an effect which can only be ascribed to peptisation. After 
dehydration and above 700° C. other ])hysical changes occur, result- 
ing in an increased hardening of the clay. • On the other hand, non- 
plastic clays only harden once at about 1000° C. Another effect 
due to the same cause is the resistance of burnt clays to disinte- 
gration forces by freezing, A clay dried at 150° C., compressed at 
700 kg. per sq. cm., and then tired to 900° C. will crumble when 
twice submitted to a soaking in vacuo, followed by freezing at 
— 15° C. The same clay containing 4% df water when compressed at 
the same pressure and given the same heat treatment, disintegrates 
on the fourth or fifth repetition of the soaking and freezing, but’ if 
it is made into a plastic mass with 21% of water and compressed 
only at 15 kg. per sq. cm., ten repetitions of soaking and freezing 
have no effect upon it. The plastic preparation, therefore, acts as 
the dry preparations fired to a higher temperature, the additional 
work done in attaining the higher temperature being expended in 
effecting molecular contact and equivalent therefore to the work 
to be done. to reduce the particles of the non-plastic clay to the 
colloidal state. 

Trans. Ceram. Soc., 1922-3, 22, 138 ; J., 1923, 774a. 

» A. Bigot, Comptes rend., 1923, 178, 91, 1470 ; J., 1923, 184a, 658a. 
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P. Hall^ has studied the effect of hydrogen-ion concentration 
upon clay suspensions, and some very suggestive results have 
been obtained. With regard to the aqueous extracts of clays no 
relation between the pu value of the extract and the nature of the 
clay could be observed, but the vast majority showed acidity 
between Pu 2*95 and p^ 6'8. A few showed alkalinity and among 
these was Bentonite. One generalisation, however, which could be 
made was that if a clay gave an acid extract on the first wash, the 
acidity increased with each subsequent wash, whereas if the initial 
reaction was alkaline repeated washings were successively lower in 
alkalinity. This reaction of clays is unquestionably due, at least 
in part, to the absorption of soluble salts, which are removed by 
washing with extreme slowness. The influence of hydrogen-ion 
concentration on the rate of settling has given numerical form to 
what was already largely known. The curves relating hydrogen- 
ion concentration with rate of settling are of an S-form, the maxima 
being the isoelectric point or points of maximum rate of settling, 
while the mimma are the points of maximum deflocculation. The 
range of ion concentration which the S curve covers, is shown by 
the following results for English ball clay : p^ water extract, 5-50 ; 
Pa at isoelectric point, 2*78 ; 2h at maximum flocculation point, 
10*96. The increase in the value of on addition of soda to a 
clay suspension is less than would occur in the absence of the clay 
owing to adsorption, a state of equilibrium being reached in about 
24 hours. That this removal of alkali from solution is due to 
adsorption over a certain range of concentrations is shown by the 
applicability to the case of Freundlich’s equation, ir/m=KC^/“ 
where a:=the solute adsdrbed by m grams of solid from a solution 
of which the final concentration is C, while K and n are constants. 
Plotting log xjm against log C should, therefore, give a straight 
line if adsorption has occurred, and this is found to be the case in 
original concentrations ranging between Pa 7 and Pn 12. Above 
Pa 12, however, the rectilinear character of the relation breaks 
i down, showing the inset of chemical action. A special interest 
attaches to the constant K, which represents the amount of solute 
absorbed when the concentration is unity, and should be a function 
of tfce surface of the solid phase and therefore a measure of the 
fineness of the clay. Although the value of this constant is almost 
certainly affected by other factors, it is improbable that it is in- 
fluenced to an extent to make it uShless for the grading of clays, 
and consequently the list of clays arranged in order of the value of 
K given in the paper is of particular interest, although to English 
readers the small number of clays from this country included in 
this mvestigation is a matter of disappointment. 


* J. Amer, Cerrnn, Soe., 1923, 6, 989 ; 1923, U32a. 
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The work of J. W. Mellor,® in conjunction with W. H. Bragg and 
G. Shearer, is of a unique character and constitutes an attempt to 
lay the foundation of a new method of elucidating the reactions 
occurring in kaolin during firing. The established method of 
X-ray analysis was applied to kaolinite in various stages of burning. 
Dried at 100° C. this material was found to be definitely crystalline, 
but this crystallinity was destroyed by calcining to 700° C., such 
crystals as were present afte^ his treatment being probably of 
colloidal dimensions. At 000° or 1000 ° C., however, crystallinity 
was again assumed, but of a different nature to both that of the 
kaolinite and that of sillimanite which formed at a higher temper- 
ature. This crystalline su Instance is .at present unidentified, but 
the expectation is that it will prove to be alumina. 

This work is admittedly tentative as far as it has gone at present, 
and its importance lies not in the results so far obtained, but in the 
fact that it forms a piom^er attempt to establish a means of investi- 
gation into the reactions of the complex silicates. For aU practical 
purposes at the present day these reactions are unknown, and it is 
the opinion of many people that until a more complete answer 
can be given to the questions, “ What are the chemical natures of 
the constituents of the clay ? ” and “ What reactions do these 
substances undergo on heating?” the study of ceramics as a pro- 
gressive science is capable only of a limited devcldf)mcnt. 

R. Schwarz and D. Brenner® deal with the constitution of clay 
from a synthetic standpoint, having studied the action of sodium 
silicate on aluminium chloride. It appears that, independent of 
excess of silica or the time of the reaction, a single compound, 
Al 203 , 2 Si 02 , a:H 20 , is invariably formed, but may undergo modifi- 
cation after formation by adsorption of silica. Thus by increasing 
the dilution of the reactants the ratio SiOg : AI 2 O 3 w'as progressively 
lowered until it approached 3:2, but it never actually reached 
this figure, the silica always being in excess owing to adsorption. 

When an excess of silicic acid is present the above ratio rises, 
and when this excess amounts to 6 to *10 molecules of silicic acid 
the initial product 2 Al 203 , 3 Si 02 ,a'H 20 invariably adsorbs •silicic 
acid to form A1 203 , 2 Si 0 2 , 2 H gO . n 

On heating in contact with the solution the originally amorphous 
product assumes a crystalline character and after drying at 110° C. 
retains its water of constitution and generally behaves in a manner 
similar to, but not identical Vith, natural kaolin. Thus it loses 
the first molecule of water below 260° C. and the second between 
360° and 640° C., whereas kaolin dehydrates continuously between 
360° and 640° C., showing that, as regards the state of combination 
of one molecule of water at least, the two substances are dissimilar. 

» Tnm, Cmm. Soc., 1922-3, 28, 106 ; J., 1923, 638a. 

® Ber., 1923, 1433 ; J., 1923, 776a. 
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Kilns and Firing. 

The number of improvements upon the design of kilns for burning 
ceramic .ware is not large, and those that have been published do 
not appear to have any outstanding feature which gives ground for 
hope that this most unsatisfactory feature of manufacture of 
ceramics has approached the ideal to any appreciable extent. 
With regard to tunnel kilns improvements lie chiefly in the direction 
of the path of travel of the hot gases. Thus in one case’ the 
diameter of the kiln in the firing zone is enlarged beyond that of 
the preheating and cooling zones before and after it. In this 
portion of the kiln, side dampers and flues are provided, by the 
regulation of which the hot gases strike the line of trucks diagonally 
from each side. Alternatively a second set of damjiers allow^ the 
gases, if necessary, to take up a parallel path if required. 

An improvement to the same end is embodied in the patent by 
Woodall, Duckham, and Jones, A. M. Duckham, and A. T. Kent.® 
A series of graduated baffles project from the roof and walls of the 
kilns and the trucks carry partition walls adjusted just to miss the 
lowest baffle. In addition to this the tables of the truck are 
mounted on bearings which permit the tables to move at right 
angles to the line, and by an ingenious combination of channel 
irons and bell cjrank levers alternately right- and left-handed the 
tables of the trucks are made to engage alternately with the baffles 
on the right and left and so forced to pass in a zig-zag course 
through the length of the kiln. The gas combustion chambers 
are situated in the side walls of the central compartments and the 
burnt gases leave the k^p at the inlet end, while cold air enters at 
the exit of the kiln and after absorbing heat from the burned ware, 
divides, one part being used to preheat the first two chambers and 
the other for the combustion of the gas. 

Not a little surprising is the invention of E. Wesnigk,^ who 
adopts radiant heat derived from an electrical resistor in the 
shape resembling a concavf, mirror surrounding the goods. The 
method sounds costly and does not conform with the generally 
accepted idea that the rectilineality characteristic of all radiations 
is ppt suited for the heat treatment of ceramic ware, excepting in 
the case of operations at the lowest temperature. 

The efficiency of brick kilns has been dealt with in considerable 
detail by R. M. Campbell,^® and although this work may not 
exhibit many novel features, the results are instructive. The 
thermal balance sheet may be set out as follows : Total heat, 

’ T. Seedorff, A. F. Barford, and L. E. George, E.P. 188,468 ; J., 1923, 

57a. 

8 E.P. 190,393 ; J., 1923,402a. 

‘•G.P. 364,164; J., 1923, 310a. 

J. Amr. Ceram. Soe., 1923, 6, 886. 
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expended per 10<5o bricks, 27,179,788 B.Th.U. Heat to raise 
1000 bricks to 212® F., 158,480 B.Th.U. Heat to raise water 
content of bricks to 212'" F., 28,000 B.Th.U. Heat to. convert 
water in bricks at 212® F. into steam, 106,000 B.Th.U. Heat to 
raise dry bricks from 212® F. to 1970® F., 1,990,056 B.Th.U. 
Totafheat reqiured~2,372,586B.Th.U. Therefore heating efficiency' 
=8-()9^)o. Apart from othe'* con^^iderations, the problem of burning 
ceramic goods is shown by tnis figure to be one recpiiring urgent 
attention from tlie point of vienv of fuel economy. 

A ]}aper of very consid uable importance from many points of 
view is that by Ik ]\1. O’Harra and W. J. Darby u])on the dis- 
integration of refractory brick by carbon monoxide. Although 
this stricily speaking, a subject which should be dealt with under 
the heading of refractories, it is one which must also affect the 
ceramic industry generally. It has been long known that the 
reaction : C-| COg— 2('0 is reversible and the equilibrium con- 
centrations of this system were determined by Rhead and Wheeler 
who showed that the optimum temperature range for the back 
reaction was between 450® and 600® C. It was also shown by 
Boudouard in 1899’^ that this reaction is influenced catalytically 
by metallic iron. O’Harra and Darby have now proved that it is 
the deposition of carbon j)rodaced by the catalytk; decomposition 
of carbon monoxide, which is the cause of the breakdown of re- 
fractory materials, the carbon being deposited around particles of 
iron and producing at these places an expansion of a magnitude 
sufficient to cause the rupture of the material. Certain refractory 
bricks, which gave excellent service at high temperatures, but 
which contained ])articles of ferric oxide, failed completely in an 
atmosphere of substantially pure carbon monoxide at temperatures 
between 450® and 600® C. It was shown conversely that in the 
absence of any reducible iron compound, no decomposition of 
carbon monoxide occurs and, therefore, this gas has no action on 
refractory bricks free from iron. 

POTTT^RY AND PORCELAIN, BODIES, GlAZES, AND COLOURS. 

The amount of headway made in this branch of ceramics, judging 
by the papers published during the year, is not large, although one 
or two results obtained have considerable interest. 

I. E. Sproat^^ has examined the crazing of glazes on semi-porcelain 
bodies with results that manufacturers of this kind of ware should 
find useful. In general it was not found possible to correct crazing 
by adjustment of the glaze or body composition without sacrificing 

J. Amcr. Ceram, Soc., 1923, 6, 904 ; J., 1923, 1022a. 

Chem. Soc. Trans., 1910, 2178. 

w Comptea rmd., 128 , 98. 

1* J. Amer, Ceram, Soc., 1923, 6, 610 ; J ., 1923, 463a. 
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sonfe of the desired properties of the ware, although the addition 
of “ Hercules ” clay to the body did so to a certain extent. The 
more important result is that an absorptive power of 7-12% gave 
a biscuit with which the tendency to craze was least, and that 
greater or lower porosities increased the instability of the glaise. 

With regard to advancement in porcelain manufacture, mention 
‘must be made of the really great achievement of the State Porcelain 
Manufactory at Meissen in succeeding in the manufacture of a 
chime of fifty bells of hard porcelain, the tallest bell measuring 
about 5 ft. in height. The amount of experimentation and potting 
skUl required to bring about this result must have been immense, 
and to the vast majority of ceramists any success in this adventure 
would have been regarded as but a dim possibility. 

E. Singer and E. RoscnthaP^ have made a highly detailed 
examination of the physical properties of hard porcelain in which 
the specific gravity, cubical expansion, thermal conductivity, 
specific heat, modulous of elasticity, hardness, crushing strength, 
permeability, and specific resistance were included. These are all 
essential characteristics of hard porcelain for one use or another, 
and sound ground-work, such as is provided in this paper, assists 
in making the invention of bodies for special purposes an inductive 
process. 

Similarly useful is a comparison by E. Roty® of porcelain 
prepared using either potash or soda spar. With regard to the 
former it seems a little unfortunate that a spar containing as much 
as 2*1% of soda should have been used, since felspar with a compo- 
sition approximating to that of pure orthoclase is available. Among 
the interesting comparisons m^e are that the potash porcelains 
have the higher viscosity and potash spar dissolves 20% of clay 
against 15% dissolved by soda spar. Other useful observations are 
made which will be of value to anyone experimenting on hard 
porcelain production. 

The expansion of hard paste bodies in the later stages of firing 
as shown by specific gravity determinations is mentioned indirectly 
by G. N. White^’ as the cause of failure of certain types of hard 
porcelain. It is suggested that if this expansion occurs against the 
viscosity of the glaze the piece will cool in a condition of strain 
which may be sufficient to rend it to pieces. Strains of lower 
magnitude ihay give rise to the breaking of the piece spontaneously 
after some weeks, and although the appearance is in no way dis- 
similar to crazing it is distinguished by the crack extending right 
through the body. ‘ 

Ber, deut. Keram. Qes,, 1920, 1, 3. 

^•E. Roth, Keram. Rundschau, 1923, 81, 31. 
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Three papers fropi Japan — ^two from the Pottery Laboratory at 
Kioto and one from the Tokio Industrial Laboratory — contain a 
great deal of good work, which in spite of the fact that the materials 
used were derived from the Far East should be of use in western 
manufactories. This first report^*' describes the experimental 
work in the preparation of sevcTal bodies with excellent potting 
qualities and ap])earance, although the Kowan kaolin used con- 
tained appreciable quan cities i/on. A series of magnesia potash 
glazes were examined and found very satisfactory, a particularly 
good one having the formula (0*70 KgO, 0*30 MgO) 1*2 AI 2 O 3 , 
12 SiO^. 

■^hc second repoi’i from the same laboratory deals with the 
production of hard faience glazes, which have and impart the same 
appeiirance to faience as is possessed and produced by porcelain 
glazes. This was chiefly a problem of producing a good bright 
“ hard-looking ” glaze without excessive lustre, but with a certain 
amount of opacity. 

A large number of experiments have been made, some of which 
involved the use of fluoride, which cannot be detailed h(U'e, but are 
worthy of study, especially as results in this direction should form 
a great asset in faience manufacture. 

The third report consists of a detailed examination of Japanese 
and European porcelains chiefly from the microstruotural standpoint. 
The paper is profusely illustrated by photomicrographs which 
enable interesting comparisons to be madt^ between the felspathic 
bodies, both European and Japanese, and that type of Japanese 
body prepared with weathered liparite or quartz-porphyry. As a 
general rule the sillimanito formation is Jiigher in the European 
bodies, and as a corollary the Japanese are higher in translucency. 

A detailed study of antimony lead glazes which will help to 
standardise the manufacture of yellow glazes to a considerable 
extent has been carried out by W. Rohn.^^ That magnesia in 
some obscure way is not equivalent to the alkaline- earth oxides is 
once more demonstrated in this work, since whereas lime, strontia, 
and baryta destroy the yellow colour very effectually, magnesia 
only changes the shade. The best results are obtained with only 
soda and lead oxide as the basic constituents, as for instance in^the 
formula (0*80 PbO, 0-20 NagO) 0*15 Al^Og, (2 SiOg, 04 B 2 O 3 ) and 
3% of antimony dioxide, which gave excellent results. 

Further work has been done, on the replacement of stannic oxide 
as an opacifier,22 and the conclusions arrived at are based upon a 
very reliable method of measurement of opacity. Although 

M. Aka^suka, Rep. of the Pottery Lab. Kioto, 1923, 1, 1. 

»» Ibid., 1923, 1, 14. 

ToJdo Indufitrial Lah. Rep., 1922, 87. (6), 59. 

“ Keram. Rundschau, 1923, 31, 31. 

“ R. R. Danielson and M. K. Frehafer, J. Amer. Ceram. Soc., 1923, 6, 
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Btennic oxide still remains the best material, zirconium oxide and 
sodium antimonate approach it very closely. The fourth in order 
^ is zirconium silicate, although impurities affect the efficacy of this 
substance very considerably. Some very instructive curves are 
given showing the power of reflection relative to magnesium car- 
bonate for light of various wave-lengths. 

In this connexion a new method of preparation of pure zirconia 
is of interest, 23 and also a paper on. the production of white glazes 
using zircon by P. P. Budnikow.'^^ 

Although admittedly possessing little prospect of commercial 
success ,25 the invention of a turquoise glaze insoluble on the 
finished piece, which in consequence becomes imperviougr to 
water, has scientific and artistic merits. After repeated failure the 
following glaze composition was devised : (Na. 2 O= 0 - 6 , KgO— 0 * 1 , 
CaO— 0*3), SiO 2—2-8, to which 15-27 parts of copper oxide was 
added. Of the bodies which carried this glaze satisfactorily, one 
’ composed of Cornish stone (17%), Tennessee ball clay (15%), ' 
cryolite ( 8 %), and flint (60%) is typical. In the glaze the oxides 
NagO and KgO are interchangeable without affecting the colour, 
but any addition of AlgOg, PbO, BaO, or MgO gave greenish shades. 
The burning, both of body and glaze, was carried out at cones 09-06. 

The use of ammonium uranato28for the production of red and 
scarlet glazes hks been extended with success. A whole series of 
colours, ranging from vermilion to orange and reddish-brown, 
have been obtained by proper adjustment of the firing conditions 
and the composition. 

The literature upon the subject of high-temperature glazes has 
been extended further by a paper by R. Twells,^^ who has investi- 
gated three series of these glazes. Starting with the original 
formula (0-3 KgO, 0-7 CaO), 1*3 AlgOg, 11*0 SiOg, the first series is 
derived by the equivalent of lime being replaced triaxially by 
magnesia and baryta. The result of the substitution is practically 
negative if small variations in the vesicularity of the glaze be 
overlooked. In the secohd series the same original formula is 
varied by the mutual triaxial replacement of the three clays 
employed, namely, Florida and North Carolina kaolins and Kentucky 
ball clay. It was found that the only notable result of this variation 
was the lowering of the maturing temperature by the ball clay. 
For the third series a new formula was used, namely, 0*2 KgO, 
0*8 CaO, 0*8v-l*6 AlgOg, 8*0-14*0 SiOg for which the usual diagrams 
have been mapped out. There is much information in this paper 

®®H. von Siemens and H. Zander, Wiss. Vcroffentl, Siemens-Konzemt 
1022, 2, 484 ; J., 1023, 143a. 

P. P. Budnikow, Tonind. Ztg., 1923, 47, 173. 

« M. M. French, J. Armr. Ceram. Soc., 1923, 6, 405 ; J., 1923, 270a. 

M. Akatsuka, llcp. oj PoUery Lab. KiotOt 1922, 1, 67. 
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which will be of the gi'eatest use to manufacturers of these high- 
fire products, but in the opinion of the writer, a mistake has been , 
made in not working with reasonably pure materials and, having^ 
once established the principles and main facts with these, replacing 
them according to analysis with more commercial j)roducts, either 
altogeUier or step by step. As the work now stands, the formulae 
given above are fictitious and differ considerably from what would . 
be obtained from analysis. A'. .,ono wishing to repeat one of these 
glazes would either have to find a spar of the same composition as 
that used in this work and to add it in such quantities as would be 
required if it were pure orthoclase, or, what would be far more 
ratimial, to take the analyses given by Twells and re-calculate his 
formulae, so making the results independent, or as nearly so as 
possible, of the nature of the spar. 

Refractoeies. 

A very large amount of work continues to be done on the subject- 
of refractories, both as regard the method of manufacture and the 
nature of their composition. The number of new refractories which 
continue to be patented is large, and of the majority the distinctive 
qualities appear to be somewhat obscure, although a serious 
judgment cannot be made without direct experimentation. The 
most hopeful feature of the year’s work is that afforded by investi- 
gations into the physical chemistry of certain well-known refrac- 
tories, and based upon those results some real progress in this field 
may be looked for. 

On the practical side it is significant tp note that electrically- 
sintered magnesite is being produced m quantity by the 
Carborundum Co., of Niagara Falls. Carefully selected magnesite, 
contahiing 95% of magnesia and less than 1% of iron oxide, is 
fused in an electric furnace, with the result that it undergoes no 
contraction when put to industrial use. Its melting point is given 
as 2600° C. Another form of magnesia Refractory, patented by the 
General Electric Co.,*’^ is stated neither to expand nor to contract 
to any appreciable extent up to 1800° C. ; it consists essentially of 
crystalline calcined and sublimed magnesia specially compounded. 

W. J. Rees very aptly comments on the situation of the subjwjt 
of refractories at the present time,^® He insists that the only 
sound basis on which to compare refractories is the cost of refrac- 
tories per ton of output of saleable product. There is* much to be 
said for this view, particularly that it would emphasise the applica- 
bility of the refractory and reduce the present tendency of claiming 
that this or lhat composition is the best for any purpose. The 
paper in question contains a good deal of useful matter, although 

1,444,527 ; J., 1923, 310a. 
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the subject is considered more from the user’s than the producer’s 
standpoint. 

, The same author has published^® a comparative examination of 
different refractories as regards their utility in coke-oven practice. 
The materials were exposed to tJie action of. salt vapours at 800°- 
1200° C., and the results show that the degree of corrosioa was 
chiefly connected with the porosity, which allows the penetration 
of sodium chloride and other inorganic vapours into the interior of 
the bricks. The result of this penetration is to form a vesicular 
structure, which opens up the inner surfaces to further attack. 
Highly silicious materials are, therefore, more suitable for coke- 
oven practice. e 

The preparation of caibonised bricks by new methods has given 
some very promising results.^® Raw clay is placed in a muffle 
furnace in presence of coal, so that at the same time that the clay 
attains its maximum porosity the atmosphere surrounding it is 
heavily charged with carbonaceous vapours, which penetrate it and 
deposit carbon in its pores. On further rise in temperature the clay 
shrinks and compresses the enclosed carbon to an extent to give it 
a density comparable with that of steel. On heating in an oxidising 
temperature the black carboniferous brick loses its carboii content, 
burning white, while its thermal properties undergo a radical 
change, the black brick having a high and the white a low thermal 
conductivity . The higli conductivity for heat and its great hardness 
make this carbonised clay a highly attractive proposition, and it 
is hoped that further work upon it will be forthcoming. 

The resistance of ma^esite, chrome, silica, diasporc, and fire- 
clay to the action of five different slags formed the basis of the work 
of R. M. Howe, S. M. Phelps, and R. F. Ferguson.^^ Their method 
of grinding both the refractory and the slag and mixing the two in 
varying proportions for testing the fusion point in the form of cones 
has given some interesting results, although it is not incapable 
of adverse criticism. Obviously the conditions obtaining in ground 
mixtures of the two components are far removed from those under 
which corrosion usually occurs, and rather than the melting point 
of the product of the action of slag upon the refractory being the 
most potent factor, it might be argued that the solubility of the 
refractory in the slag was the more important property. However, 
a number of interesting results are given which quite possibly will 
be found of value. 

A very appreciable contribution to laiowledgc of the behaviour 
of refractories on heat treatment is afforded by the work of 
H. S. Houldsworth and J. W. Cobb,^^ cKamined the 

» W. J. Rees, Fuel, 1922, 1, 20. 

W. Smith, Brit. ClayworTcer, 1923, 32, 17. 
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reversible thermal efipansion from 15'’ to 1000 C.of kaoliii, silicious 
and aluminous liroclay, quartzite, alumina, magnesia, and car* 
borundum. The materials were first subjected to a preliminary 
burning at temperatures ranging from cone 06 to cone 20, and were 
then heated in a resistance furnace to 1000° C., the expansions or 
contiiictions over this ])oriod being measured very accurately, and 
plotted against the temperature. By this moans the authors are 
able to form some valuable cur elusions as to the silica conversions 
in the firing process. 

The conversion of a- into ^-quartz is responsible for the very 
large expansion which Weh'h quartzite shows from 550° to 600° C. 
Firiftg to cone 9 converts a part of the quartz into cristobalite, 
and for this reason the expansion occurring between 200° and 250° C. 
is increased. The expansion of this range is still further increased 
by two hours’ firing at 1400° Cl with concomitant decrease in the 
^ expansion at 550° C. The overall result is that by suitable heat 
. treatment Welsh quartzite can be obtained in a form in which 
nearly the whole of the expansion occurs between 15° and 300° C., 
thereafter the increase in volume being a small fraction of the whole. 
Therefore a furnace made of bricks in which the cristobalite con- 
version was complete would require judicious treatment up to a 
temperature of 300° C., but having passed that point any fluctuation 
between 300° and 1000° C. is without effect. On Ihe other hand, 
if quartz is present any fluctuation between 15° and 600° C. is 
accompanied by considerable volume changes. To convert the 
whole of the quartz into cristobalite a two hours’ heating at 
153()° C. was necessary in addition to the previous heat treatment, 
although to effect the same change with flint two hours’ heating at 
1380°- 1400° C. was sufficient. 

The examination of a silica brick after use in a steel furnace 
showed the presence of a- and jS-quartz towards the end of the brick 
away from the interior of the furnace, while the opposite end was 
composed almost entirely of cristobalite, showing that the conversion 
had occurred in use. Similar tests on a brick from a coke-oven 
show that the coefficient of expansion of the outer layer was double 
that of the inner layer, a point graphically represented in the pajer 
and effectively demonstrating the cause of internal stresses when a 
furnace of such bricks is heated. 

It is not without interest to compare this work wit|j a research 
along similar lines by Y. Tadokoro,^*^ who, however, has carried his 
investigations to higher temperatures, namely, 1300° C. instead of 
1000°. The results are substantially in agreement vflth those of 
Houldsworth and Cobb, and the two papers together form a useful 
combination. 


** J, Amer, Ceram, l^oc. Abstracts, 1923, 6, 169. 
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Reference may be made here to the work ‘reported under the 
heading of “ Kilns and Firing,” by O’Harra and Darby dealmg 
with the disintegration of refractories by deposition of carbon from 
its monoxide, and it must be emphasised that in all improvements 
in this field, proper consideration must be given to this fact, so 
largely overlooked hitherto, which means that a refractory, no 
matter how excellent in properties, will fail in the presence of carbon 
monoxide below 600° C., if contaminated with particles of iron, 
in the metallic or reducible form. 

Among the noteworthy contributions to the work of the year 
must be placed the “ Progress Report on Specifications for 
R.efractorios,”3^ which constitutes an attempt to determine spocifi- 
cations for use by the various United States Government depart- 
ments when purchasing refractories. The tests applied'^ were 
devised in such a way as to fall into two groups — (a) suitability 
test and (6) control tests. The former group consisted of an 
endurance test, a constant- volume test, and a quenching test, ' 
while a fusion point test and a load test formed the basis of control. 
It is unnecessary in this report to go into details of these methods, 
for these and the comparative results obtained by the treatment of 
41 samples of the refractory brick are discussed and criticised in 
tho‘ original report at some length. The value of the publication to 
users of refractories in England lies chiefly in the very excellent 
idea which is given of the typo of result which should bo obtained 
from a good-quality refractory for any particular purpose and in 
the fact that it might be taken as the basis of a similar system of * 
testing in this country. 

Building Mateeialr. 

The year under review has witnessed the institution of the Stone 
Preservation Committee of the Building Research Board to report 
on the best methods by which decay in building stones, especially 
in ancient structures, may be prevented or arrested. The question 
of the deterioration of stonework in buildings is a matter of general 
ecoribmic importance. But in the cases of our historic buildings 
and ancient monuments prevention of the serious decay and gradual 
demolition of tooled surfaces and main structures constitutes a 
special problem which has engaged the attention of many investi- 
gators for a considerable time, without, however, finding any 
generally satisfactory solution. The constitution of this committee 
is such as to permit the expectation that any conclusions arrived at 
in due 'course will be of great practical utility. 

With regard to the progress during the year in thfe manufacture 
of building materials, the chief innovations relate to that of cement, 
and among the important literature which has been publish^ ii 

** J. Amer. Ceram. Soc.t 1923, 6, 1098. 
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Pamphlet 1 of thei British Portland Cement Research Association. 
The subject dealt with in this pamphlet is the variation of the 
time of setting with chemical factors, and it is proved beyond 
all doubt that the setting time of cement undergoes no change perse, 
as when stored out of contact with air or water. It was also un- 
affected by dry air, oxygen, or ozone, but accelerated considerably 
by dry carbon dioxide. 

In the moist state carbon ujixide produces a very groat decrease 
in the setting time (and also alters the character of the cement), 
while moist air prolongs the setting time. The time of set has been 
found to depend upon the proportion of combined water present in 
thethydrated calcium aluininato or silicate, which is considered^ to 
form a protective layer around the particles, retarding the penetra- 
tion •of water into the interior. The higher the proportion of 
combined water in the cement, the more impervious is this surface 
layer, and therefore the presence of water, as in the case of moist air, 
occasions retardation of setting. Conversely, the removal of water,' 
whereby the surface layer is disturbed or weakened, results in the 
time of set being reduced, as is shown by the effects of sodium, 
potassium, and even ammonium carbonates, certain sulphates, and 
borax. Chlorides had little effect and nitrates none at all. 
Although in certain cases the action of soluble salts on cement is 
definitely a chemical one, double salts, for instance, being probably 
formed when calcium sulphate is added, it cannot be said that this 
is always so, and it may be ultimately proved that the action 
is in general catalytic. 

A notable result is that in some instances the presence or absence 
of water of crystallisation in the added Skit was the determining 
factor in the time of setting. The main object of the research was 
to determine the action of g 3 rpsum as a retarder of setting, and 
the conclusion arrived at is that its action is irregular and uncertain. 
In this respect retardation by steam or water is considered preferable. 

The thermal reactions occurring during the drying and burning 
of cement have been examined by R. Nacken,®® who finds that the 
heat of reaction undergoes a slow increase after the carbon dioxide, 
has been expelled until at a temperature of 950° C., the maximum 
value of 600 calories per gram is attained. It appears that •the 
slow reaction is the expulsion of carbon dioxide, and that when this 
is complete the formation of calcium silicates and aluminate is 
relatively rapid and occurs at the greatest rate at about 960° C., the 
condition of equilibrium being reached very quickly. 

Another contribution to the study of the setting of cement is 
given by S.* N. Brown,®* who considers the subject from first 
principles and goes on to make some interesting remarks. The chief 

Zmmt, 1922, 11, 246, 267 ; J., 1922, 815a. 

(Mm: Trade J,, 1923, 72. 127. 
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agent in the setting of comont is considered "to be alumina, an 
increase in the content of which is accompanied by an augmented 
speed of set, and it is because gypsum removes alumina from 
solution that this substance functions as a retarder. The helpful 
observation is made that the contamination of the cement by the 
ash from the fuel used in burning will affect the setting time 
adversely through its content of salts, and it is because of the 
absence of ash in rotary«kiln cements that 1-2% of gypsum is 
usually added to produce a product with a normal setting time. 
It is maintained that 50% of Portland cement consists of material 
in so largo a state of division as to be replaceable by sand. 

E. Bcrl and W. Urban, working with pure precipitated materials, 
have studied the crushing strengths of cements made up of lime, 
alumina, and silica after being allowed to harden without^ heat 
treatment. The maximum crushing strengths of mixtures of each 
pair of constituents in varying molecular proportions were measured 
first and then complex mixtures containing the three components 
were studied . The paper might be easily considered as too academic 
for practical application, but although this is true to a certain 
extent, the results obtained have a bearing of definite value upon 
cement research. 

Much work continues to be done on the question of the water- 
proofing of cembnt, and it is highly satisfactory to note that the 
College of Technology of Manchester has obtained such good results 
from the substitution of some of the sand in cement with the 
preparation called Kynazite.'^® Not only was the waterproofing 
sufficiently good to withstand water under pressure, but the 
compression tests on th‘e product showed an increase in strength. 
If, however, the whole of the sand was replaced by Kynazite the 
strength was reduced to 50% of that of plain concrete, but the 
imperviousness was of a very high order. 

Some useful results establishing the relation between the temper- 
ature of drying plaster and its absorptive power have been obtained 
by P. Jolibois and P. Uefebvre,^® the absorptive power being 
measured by the capability of the plaster to absorb iodine vapour. 
This property was progressively lowered by drying at increased 
temperatures, until it was reduced to a negligible quantity by 
desiccation at 800° C. These experiments and others upon the 
absorption of water by plaster dried between 120° and 300° C., 
were carried out with an accuracy* which gives a high degree of 
reliability to the results obtained. 

Z. angew. Ghem., 1923, 36, 273 ; J., 1923, 777a. 

Anon., Chem. Age, 1923, 8, 238. 

Comptes rend., 1923, 176, 1476 ; J., 1923, 059a. 
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IRON AND STEEL. 

By 0. Bannister, M.Eng., Assoc.R.S.M., 

Professor of 3htalh'rgy^ University of Liverpool. 

I'liE question of production in the iron and steel industries is of 
such vital importance, that the tables given in the last two reports 
are continued here, the figures being taken from the Bulletins of 
tl^* National Federation of Iron and Steel Manufacturers 

Prodnclion of Pig Iron in the United Kingdom 
(Jn thousands of tons.) 


Month and 

}'ear, Hsernatito. Basic. Foundry. Forge. 

1922 : 

Oct. .. 129‘9 .. 15M .. 1.340 .. 31-5 

Nov. 148 0 .. 145'0 .. 134-9 .. 33-1 

Dec. 179-0 .. 163-2 .. 13C-1 .. 31-4 

1923— 

Jan. .. 180-1 .. 180-0 .. 1.38-6 .. 30-8 

Feb. .. 174-0 .. 184-8 .. 125-9 .. '30-3 

March .. 200-3 .. 204-0 .. 144-7 .. 45-9 

April . . 226-4 . . 207-2 . . 144-7 . . 38-8 

May . . 252-1 . . 217-9 . . 158-8 . . 44-1 

June .. 246-7 .. 215-2 .. 146-5 .. 41-6 

July .. 218-9 .. 200-0 147-2 .. 44-7 

Aug. .. 184-4 186-0 .. 15(i-7 .. 33-9 

ISept. .. 166-2 .. 182-0 151-1 .. 24-0 

Proiuction of Steel in the United Kingdom, 
(In thousands of tons.) 


Month and 

Open-hearth. 

Bessemer. 

All other 
ingots and 


year. 

Acid. 

Basic. 

Acid. 

Basic. 

castings. 

Total. 

1922— 

Oct. 

167-0 

360-0 . . 

15-6 

16-1 

. . G-5 . . 

565-2 

Nov. 

176-9 

384-3 . . 

18-8 

15-2 

. . 6-6 . . 

^0-8 

Dec. . . 

163-1 

348-1 . . 

17-6 

11-9 

. . 5-4 . . 

546-1 

1923— 

Jan. 

183-2 

398-6 . . 

31-1 

14-2 

. . 7-0 . . 

63^1 

Feb. . . 

235-4 

428-7 . . 

24-7 

11-2 

. . 7-1 . . 

707-1 

March . . 

262-7 

493-2 . . 

23-0 

14-4 

. . 9-2 . . 

802-5 

April 

226-0 

473-9 . . 

25 8 

16-0 

. . 8-7 . . 

749-4 

May 

273-0 

485-2 • . . 

38-5 

15-2 

. . 91* . . 

821-0 

June 

226-6 

475-4 . . 

44-1 

11-3 

. . 10-4 . . 

767-7 

July 

185-1 

402-1 . . 

33-2 

9-9 

, . 9-2 . . 

639-6 

Aug. . , 

164-0 

357-2 . . 

31-0 

6-1 

. . 9-2 . . 

667*6 

Sept, t . . 

194-0 

444-7 . . 

37-8 

9-3 

. . 9-3 . . 

696-1 


It will be seen from these tables that the improvement indicated 
in the last report continued more or less steadily until June and 
that the figures show considerable increases over those published 


Total 
including 
alloys and 
other 
qualities. 

481-6 

493-5 

6.33-7 

667-9 

543-4 

633-6 

652-2 

714-2 

692-9 

665-1 

599-8 

558-6 
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last year. The steel production figures arc particularly interesting, 
as they indicate the increasing relative importance of the basic 
open-heath process over the acid process, and the decreasing value 
of the basic Bessemer process as a steel producer. 

Manufacture of Iron. 

In connexion with blast-furnace practice, chief attention seems 
to have been given during the past year to such questions as the 
preparation of the charge for the furnace, the cleaning of the blast- 
furnace gas, the treatment of flue dust and fuel economy. There 
is little to report as regards new plant, but this was to bo expected 
from the continued depression in trade. The now furnace recently 
installed at the Clarence Iron Works, Middlesbrough,^ is 85 i^^eet 
high, is equipped with a battery of seven dust catchers, a Wrightson 
Ringquist type charger for buckets holding 8 tons of ore or 3 tons 
of coke, 6 Cowper stoves, and a Kling-Weidlein t 3 rpe gas cleanef, 
comprising four units, each of a capacity of 15,000 cubic feet per 
minute. There is also a sintering plant with an output capacity of 
600 tons of sintered ore in 24 hours, and a plant for the manu- 
facture of slag bricks. This plant is thus a typical example of the 
modem tendency to improve methods of charging, gas cleaning, 
^ efficient heating ‘of blast, preparation of fines, and utilisation of 
slag. 

Chemical methods of iron ore purification are described by 
A. J. Moxham,2 who has carried out an investigation extended 
over many years. In the preparation of the charge for blast 
furnaces by sintering, R.«L. Lloyd® states that sinter of very poor 
quality is obtained from flue dust containing too much carbon, in 
a Dwight-Lloyd furnace. The plant works at its maximum 
capacity and the product is strongest when the fines contain 8% 
of coke, and dust containing larger percentages should be mixed 
with pyrites cinders or fine ores to reduce the carbon to this figure. 
The product in all cases is^a coke-like mass of ferroferric oxide, 
-.which is extremely porous and eminently suitable for blast-furnace 
work, teing quickly reduced by the gases ; in addition, practically 
aliyie sulphur is removed during the sintering process. Another 
process used for the briquetting of flue dust, the so-called corrosion 
process, is described by A. L. Stillman.* The term “ corrosion ” 
is used because an acid agent, such as wire-mill liquor or a solution 
of copperas, is employed to act on the ferrous oxide present in the 
flue dust, resulting in the formation of iron sesquioxide, which acts 
as a dense, hard, waterproof binder. 

‘ Iron and Coal Trades Rev.^ 1923, 106, 111. 

2 Iron Age, 1923, 111, 31. 

*Min, and Met., Oct., 1922 ; J., 1922, 899a. 

^ *2ron Age, 1922, 110, 1571. 



raON AlfD STEEL. 


23Sf 


The changes which take place in the composition of blast-fumaoe 
gas during the blowing-in and blowing-out of furnaces and also 
during the change of charge mixtures have been studied by 
P. Greimer.*" 

Easily reducible ore charges increase the COg/CO ratio, whilst 
refractory ores diminish it. The change in the COg/CO ratio on 
charging a new mixture is <;ompleted in two steps, one in a zone at 
about two-thirds the height f the furnace and the second at about 
the position of the boshes or hearth. From the position of the 
two changes in compciition of the gas, the blast furnace may be 
divided into three reduction zones, in which the following re- 
actions occur respectively : indirect reduction by means of carbon 
monoxide, mixed indirect and direct reduction, and direct reduction 
by^means of carbon. 

The cleaning of blast-furnace gas is dealt with by F. E. Kling,® 
especially as regards dry-hot cleaning. This method of cleaning 
has many advantages over wet-cold cleaning in that the sensible 
heat of the gas is retained, no water is required and therefore no 
settling tanks. The labour costs in handling the dust are less 
and the dust can be sintered and briquetted immediately, while 
sludge from the wet process has to be dried. Full details are given 
for a Halberg-Beth plant and a Kling-Weidlein plant with a 
capacity of 3,500,000 cub. ft. per hour. The first cost and operating 
cost of the latter plant are much lower but the degree to which the 
gas is cleaned is much higher in the Halberg-Beth plant, being 
0-004 grain as compared with 0-3 grain of dust per cub. ft. in a 
single-stage Klein- Weidlein and 0-1 grain in a two-stage cleaner. 

The desulphurising power of iron blast-furnace slags has been 
studied by R. S. McCalfery and J. F. Oesterle,’ who determined the 
solubilities of calcium and manganese sulphides in calcium bisilicate, 
anorthite, and gehlenite m the temperature range 1350°-1600® C, 
The curves obtained show a marked increase in the solubilities witli 
rise of temperature. In the blast fugmce, desulphurisation of the 
metal is promoted in the hearth by contact between metal and 
slag and the presence of large quantities of low-sulphur slag on the 
metal should be beneficial, hence the number of slag runnings 
between the casts should be reduced to a minimum. 

The reactivity of coke as a factor in the fuel economy of the blast 
furnace has been studied by E. R. Sutcliffe and E. C. Evans.^ 
The highest carbon duty in a blast furnace is given by a fuel which 
possesses the greatest capacity for combustion in extremely dilute 
oxygen, as exemplified by the superiority of charcoal over metals 

» Stahl u Eisen, 1923, 48, 681 ; J., 1923, 779a. 

^ Blast Furnace and Steel Plants 1923, 11, 44. 

7 Amer. Inst. Min. and Met. Eng., Aug., 1923 ; J., 1923, 932a. 

• J. Xron and Steel Inst., 1923, 107, 27 ; J.. 1923| 652i.. 
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lurgical coke. An ‘‘active” coke Laving minutL cells with thin 
cell walls can bo produced by the slow carbonisation of briquettes 
made from ca finely divided coal mixture. Using a suitable method 
of production, a fuel can be obtained possessing a hardness equal 
to that of metallurgical coke, a density approaching that of coal, 
and a reactivity of the order of that of charcoal.® The use of Such 
a fuel would concentrate the process of reduction nearer to the 
hearth, less limestone would be requfc’ed and less volume of blast 
would be necessary with consequent reduction in the sensible heat 
leaving the furnace. Owing to the increased amount of direct 
reduction, the carbon requirements of the furnace would probably 
be much lower than is normally the case and the output of the 
furnace would be increased. 

The combustion of coke in the blast furnace hearth is also dealt 
with by G. Perrott and S. P. Kinney,^® who give the results of a 
number of experiments made at eleven blast furnaces in which the 
composition of the gases was determined by means of water- 
cooled gas-sampling tubes driven through the tuyeres. 

The forms of sulphur in coke and their relations to blast-furnace 
reactions are discussed by A. R, Powcll.^^ There are four character- 
istic sulphur constituents of coke, viz., ferrous sulphide, absorbed 
free sulphur, sulphates, and sulphur held in solid solution in the 
carbon. In the reduction zone of the fumac(* the free sulphur 
forms ferrous sulphide and the sulphates are reduced and also 
form ferrous sulphide. In the zone of spongy iron, a considerable 
amount of sulphur is taken up by the iron from the coke. The 
removal of ferrous sulphide from the coke or its conversion into 
calcium sulphide by liming the coke, largely eliminates this 
absorption of sulphur. In the zone of preliminary slag formation 
and in the combustion zone, the absorption of sulphur by the iron 
is largely prevented and the iron is desulphurised by the slag. In 
the combustion zone the slag also removes from the iron, the 
excess sulphur which entered the iron in the spongy iron zone. 

The iast driving of Cowper stoves by the Pfoser-Strack-Strumm 
process, with a view of cutting down the number of stoves necessary 
and increasing the efficiency of the process of heating the blast, is 
described by P. Lemoine.^^ The process consists of increasing the 
' rate of the passage of the products of combustion in a modified 
Cowper stove, in order to obtain, without any increase in the 
temperature of the waste gases, either a diminution in the period 
of heating, or, given equal periods of heating, an increase in the 
blast temperature, or both results simultaneously. Special 

» Cf. J., 1922, 196t, 492a. 

Amer. Inst. Min. and Met. Eng., Feb., 1923. 

“ IMd., Feb., 1923 ; J., 1923, 466a. 

” Rev. MH., 1923, 20, 88 ; J. Iron and Steel InM., 1923, 107, 642 
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arrangements of* the refractory bricks are required and an 
accessory installation of blowing appliances and fans. Tests have 
shown advantages for octagonal bricks over hexagonal bricks in 
the stoves. 


Manufacture of Steel. 

There are no outstandl.., developments to be reported in 
connexion with the methods used for the production of steel, but 
much useful information is being accunnilated as a result of detailed 
organised investigation of steel-making processes. This is parti- 
ciiiarly the case with regard to the open-hearth process which is 
by far the most important of the processes, and such questions as 
reactions in the furnace, composition and functions of the slags, 
manurial value of basic slags, etc., have received a considerable 
amount of attention. 

According to C. C. de Ooussergnes,^® the most important factor 
in steel manufacture is the attainment of the highest possible 
temperature and, therefore, it is necessary to heat up the bath 
rapidly to the highest required temperature. He points out, 
however, that the selective action of oxygen leads to different 
reactions at different temperatures and these require careful 
investigation before the best practice can be obtained. In the 
quick driving of basic open-hearth furnaces three periods should 
be recognised, viz., period of formation of slag and oxidation, period 
of deoxidation by phosphorus, and period of deoxidation by carbon, 
A study has been made of the basic open-hearth process, especially 
with regard to the oxygen content of the steel produced and its 
influence on the properties, by H. Monden.^'* The oxygen content 
is derived chiefly from the charge and is highest when the greatest 
quantity of old rusted scrap is used. 

The behaviour of manganese in basic open-hearth furnaces has 
been investigated by P. Oberhoffer ^nd F. Kmrber,^^ especially 
with regard to the conditions under which it is re-absorbed from the 
slag by the steel. There appear to be no simple relations between 
the manganese reduction and the following factors, such as have 
been previously suggested : the basicity of the slag, the addition of 
oxides, the form in which manganese is added, the ratio between 
manganese oxide and iron oxide in the slag and metal, and the 
actual amount of oxide of iron in the slag. No relation was found 
between the amount of carbon in the steel and the oxygen combined 
with the manganese and iron, but it is suggested that the amount 
of oxygen fii the air introduced for combustion has some effect. 

MU.y 1922, 19, 639 ; J. Imi and iSHcel Inst., 1923, 107, 666. 

Stahl w. Eism, 1923, 48, 746 ; J., 1923, 778a. 

« Ibid., 1923, 48, 329 ; 1923, 466a. 
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The constitution of basic open-hearth slags a^id its relation to 
furnace reactions has been studied by T. P. Colclough.^* The 
rational analysis of a number of melting slags of varying compo- 
sition showed that the fundamental slag in a basic open-hearth 
furnace is composed of calcium tetraphosphate with a monosilicate, 
in which lime, magnesia, or manganese may be the basic radicle. 
The type of compound is not altered by adding basic oxides, which 
merely pass into solution, but lime may replace manganese oxide, 
which in turn may be reduced to manganese under certain con- 
ditions. The amount of excess of base present is very important, 
as the amount of phosphorus oxidised depends entirely on the 
excess of base present above that required to form a monosilicatc 
with the silica present, and further addition of lime will therefore 
cause a preferential removal of phosphorus, rather than of carbon. 
The removal of sulphur from the molten metal is not directly due 
to the presence of free lime in the slag, but to the action of manganese 
which has been replaced from the slag by lime. 

It. is known that basic open-hearth fluorspar slags, as far as their 
fertilising properties are concerned, cannot be compared with the 
older Bessemer slags and that the citric-solubility test is entirely 
empirical ; the i vestigation carried out by 3). N. McArthur on 
the constitution and manurial value of low-grade basic slag should, 
therefore, be of value. The slag experimented with was obtained 

* from an ordinary charge made from basic p’g iron and steel scrap, 
fluorspar being used. The conclusions ariived at are : (1) Open- 
hearth fluorspar slags of low phosphorus content have a distinct 
fertil sing value in their lime content and could be used to replace 
ground limestone in agricultural practice. (2) The fineness of 
division of a slag is important, the finely ground material being 
more beneficial than the coarsely ground material. 

In connexion with the Bessemer process, E. Spetzler^® has 
^^pointed out that the physical properties of basic Bessemer steel 
depend more on the temper, «,ture at which it is blown, than on the 
chemical composition. He gives the results of an investigation 
into the sources of the loss of hea of the iron from the blast furnaces 
through the mixer to the converter and some details of the means 
employed to reduce this loss. 

, An interestmg inversion of the ordinary Bessemer process is 
suggested in a patent by A. P. Heyn.^* Waste slag, for example, 

• the product from the smelting of non-ferrous ores containing an 
V appreciable quantity of iron, is smelted with a suitable mixture of 

rich iron slags or ore, in order to give a silicate slag of Jow melting 

- « Iron and Steel Inst., 1923, 107, 267 ; J., 1923, 653a. 

« J., 1923, 213t. 

Stahl u, Eisen, 1923, 48, 1316 ; J., 1923, 1179a, 

« E.P, 193,476 ; J., 1923, 407a. 
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point, the iron irf which is reduced to the metallic state by the 
passage of reducing gases through the molten mass. 

A comparison of American and English methods of producing 
high-grade crucible steel is made by T. H. Nelson,^ who states that 
80% of the crucible tool steel made in Sheffield is still produced in 
cokcmole furnaces using clay pots. In America, gas-fired furnaces 
and .plumbago pots are alwavs used. The plumbago pots give 
5 to 10 heats as compared witr 3 from clay pots. The disadvantag( 
of the plumbago pots lies in the fact that carbon is absorbed by the 
liquid steel and it is not possible to forecast with any degree o: 
accuracy to what extent this carbon absoiption will take place 
B^the introduction of ladle teeming a greater degree of uniformity 
has been established. The comparative production figures are 
En^sh practice, 4500 lb. in three heats ; American practic( 
18,000 lb. in six heats. 

Foundry Practice, Castincs, etc. 

In g(*neral foundry practice, although there is nothing of out 
standing importance to be reported upon, a considerable amoun 
of attention has been given to questions relating to mouldinj 
sands, arrangement of moulds, temperature of pouring, etc., wit! 
a view of improving the quality of castings, cutting down th 
number of wasters, and thus leading to increased efficiency of th 
processes involved. Volume changes of castings on solidificatior 
influence of impurities on shrinkage and segregation, internal chill 
in castings, etc., have also received attention. 

Some of the characteristics of mouldirig sands have been deal 
with by J. E. Fletcher , 2 ^ who has described a method of indicatin 
these characteristics by subsidence curves. 

The contraction of iron during solidification is a matter of ver 
great importance and an exact knowledge of the various factoi 
which influence the amount of contraction is most desirable. The 
influence of various elements in this direction has been studied by 
F. Wiist,^ who shows that the contraction of pure iron froyn the 
solidifying temperature is 2*39%. It is diminished by carbon, 
1*7-2% of this element giving minimum contraction of 1^%, 
but this increases as the carbon is further increased. Phosphorus 
diminishes the contraction to 1*3% at 1*7% P and further addititms 
increase it. Silicon diminishes the contraction lo 1-7° j at a content 
of 18*24% Si. Manganese was the only element found to increase 
the contraction, which rose to 2*89 at 15*5% Mn. Sulphur dimin- 
ishes the contraction rapidly up to a content of 1%, and afterwards 

Trans, Amer, Soc. for Steel Testing^ 1922 , 3 , 279 ; J, Iron and Stul 
Inst, 1923 , 107 . 666 . 

J, Iron and Steel Inst.^ 1923 , 107 , 139 . 

Eiaen, 1923 , 43 , 713 ; J„ 1923 , 779 a . 
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more slowly. Nickel diminishes the contraction very little, with a 
minimum at about 25%. Chromium diminishes the contraction 
uniformly to 1-8% at a content of 21-4% Cr. 

Castings having a structure of pearlite and graphite have been 
produced by 0. Bauer and these, although only slightly harder 
than ordinary castings, gave higher bending, tensile, and impact 
tests and were at the same time readily machinable. 

These castings, which are S 2 )ceially^suitcd for parts of steam and 
internal-combustion engines and machine parts requiring high 
resistance to wear, are obtained by suitable adjustment of the 
cupola charge and slow cooling of the casting by the use of a pre- 
heated mould. * 

According to ¥. Wiist and P. Bardenheuer,-^ the most important 
characteristic of semi-steel is the carbon content, which should be 
between 2*5 and 3*1%. A higher carbon content than this results 
in the precipitation of too large a quantity of coarse graphite, and 
a lower content results in a reduction of the tensile strength, unless 
the silicon and manganese are considerably increased. For small 
castings, crucible melting is most satisfactory, whilst for large 
castings the electric furnace gives the most complete desulphuri- 
sation and therefore the strongest castings. 

The progress made in the manufacture of apparatus in high- 
eilicon iron is shown by A. B. Scorer to have been fairly rapid in 
late years. A short time ago, a simjjle cascade basin for an acid 
concentration plant was thought to be a meritorious performance 
but now, apparatus to be used under onerous conditions, such as 
centrifugal pumps etc.j can be manufactured in acid-resisting 
material. 

With regard to the welding of cast iron, difficulties liaTO been 
encountered chiefly owing to the junction of the weld being marked 
by a thin layer of white brittle iron, which is a source of weakness. 
Lebrun 2® has shown how the difficulty may be overcome by the use 
of grey iron electrodes corfted with a mixture containing a large 
perce^itage of carbon and preferably also of silicon. When formed 
in this way, the metal of the weld remains liquid sufficiently long 
forvcnough carbon to enter into solution to compensate for that 
lost by oxidation. Heating of the pieces to be welded, to 600° C., 
is necessary to prevent the weld metal solidifying too quickly. 

The conditions which cause the* increase in volume of iron 
castings during repeated heatings have been studied by J. Durand 2^ 
with a view of determining the degree of importance of the various 

« StaJd u. Eiaen, 1923, 48 , 653 ; J., 1923, 722a. 

Kaiser Wilhelm Inst Eismforsch.t 1922, 4 , 126 : J., 1923, 835a. 

“V., 1923, 240t. 

«« Rev. Mit, 1923, 20, 248. * 

^ Comptes rend., 1922, 175 , 522 ; J., 1922, 899a. 
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factors affecting if. In the experiments, five cycles of temperature' 
change from 000° to 900° C. were used and the increase in volume 
was found to become smaller on each successive heating as the 
amount of free gra])hite deposfted decreased at each stage. As 
the growth varicjs inversely with the rate of heating and directly 
as tile silicon content, it is only of imjiortance when the silicon is 
high and the casting is b cato'^ dowly. It follows that stresses will 
be set up in the material if the temperature varies from one point to 
another during heating. 

An investigation of the process of manufacturing malleable iron 
castings has been condu.'^Md by P. Oborhoffer and J. Welter ,*8 
duftng which the infiuence of composition, aimealing temperature, 
and oxidising matciial used on the properties of the malleable 
castings was studied. With similar amic^aling conditions, an active 
oxidising medium, such as haematite, induces a higher impact value 
than a less active medium, such as mill-scale. Employing a higher 
annealing temperature when usmg a moderately active medium 
with irons of higher sulphur content, enables a further increase of 
the impact value to be attained, which exceeds that obtained by 
using a more active medium. Manganese practically neutrahses the 
effect of sulphur and during the annealing this sulphur is not reduced. 
With higher sulphur, present as iron sulphide, there is a decrease in 
sulphur content. 

The nature of the temper carbon separated from malleable 
castings has been examined by L. Northcott.^® On comparing the 
product obtained by separation with natural graphic and lamp* 
black, the following figures were . obtaine^i : maximum density, 
lampblack 1*5, graphite 2-33, temper carbon 2-48. Ignition 
temperature, lampblack 550°, graphite 070°, temper carbon 050° C. 
On treatment with potassium chlorate and strong nitric acid, the 
temper carbon yielded graphitic acid, and it is confirmed beyond 
doubt that temper carbon is not amorphous carbon, but graphite 
in a fine state of division. 

Pkoperties of Iron and Steel, 

A large amount of investigatory work has been carried out bn 
the preparation and properties of alloy steels, and the effect of the 
addition of elements not commonly met with in commercial 
steels is the subject of research in many lab^ ratori-^s. Results 
obtained by H. W. Gillett and E. L. Mack indicate that additions 
of uranium, boron, titanium, zirconium, and cerium have little 
effect or do aptual harm to the steel, causing inclusions and segre- 
gation and showing low and variable recoveries. Molybdenum on 

»» Stahl u. Eiaen, 1923, 48, 105 ; J., 1923, 457a. 

J. Iron md Steel InaL, 1923, 107, 491 ; J., 1923, 722a. 

Tmns, Amer. Ekctrochem, Soc., 1923, 147 ; •/., 1923, 503a. 
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the other hand proved to be a true allo 3 dng element comparable 
with nickel, chromium, or vanadium, showing no segregation ahd 
giving a quantitative recovery. With the exception of carbon, 
molybdenum is the most active element used in steel as judged by 
its influence on the mechanical properties, especially after heat 
treatment. It increases the depth of penetration of hardening 
efiect so much that many steels containing molybdenum will 
harden throughout on oil quenching, which without molybdenum 
would not harden to the centre on quenching in water. 

The effect of the addition of carbon and manganese to pure iron 
has been determined by R. P. Neville and J. R. Cain,®^ who show 
that for each 0*01% of carbon up to 0*7%, the ultimate streflgth 
of the resulting alloy is increased by 875 lb. to 1150 >b. per sq. in. 
and the Brinell hardness by 1-8 to 2*6, the effqfct being greater, the 
higher the manganese content. By the addition of 1% of carbon, 
the elongation and reduction of area of pure iron were reduced 
from 40-5 and 82-5% to httle greater than zero, whilst further 
increases in carbon had little effect on the ductihty. For each 
addition of 0*01% of manganese, the ultimate strength and 
proportional limit were increased by only about 90-250 lb. per sq. 
in. and the Brinell hardness by 0*5. Manganese has little effect on 
the ductility. Further work has been carried out on the effect of 
manganese additions to carbon steels by H. S. Rawdon and F. Sillers, 
junr.,®2 £nd that these additions not only lower the trans- 
formation points to a degree corresponding with the proportion of 
manganese added, but also make the steel less responsive to struc- 
tural changes than most other elements, which have a similar effect 
on the critical temperatures. In annealed steels, manganese gives 
rise to a very fine grained pearlitic or sorbitic structure and in any 
given steel, addition of manganese results in an increase in the 
relative proportion of pearfite and a corresponding increase in 
the Brinell hardness. Manganese additions also cause a reduction 
in the carbon content of tjje eutectoid ; with 1 %, this is reduced to 
0‘78% C. In rapidly cooled alloys, a decrease in grain size accom- 
panies an increase in manganese content, but no such effect could 
be detected in the annealed alloys. 

ihe effect of temperature on the mechanical and microscopical 
properties of low carbon steel (0*16% C), has been investigated by 
G. C. Priester and 0. E. Harder.®^ ^The results of this work showed 
maximum Values for maximum stress, yield point, and proportional 
limit at about 300° C., although these values did not exceed the 
corre^onding values at 20° C. As the temperatures at which the 

“ V.S. Bureau of Stundarde^ Sci. Paper No. 463, 1922, 18, 411 ; J., 1923,., 
31U. 
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tests were carrie(> out increased from 300° to 600° C., the values 
decreased to an extent corresponding closely to a straight-lme 
function. The alteration in reduction of area and elongation was 
of a converse order. Increase in the temperature of drawing 
caused a corresponding increase in the impact toughness and also, 
aboY^ 100° C., in the tensile strength as indicated by impact tests. 
Changes in the microstruoturc followed the changes in the mechanical 
properties in the range 4 . ^(>00° C., but no evidence of the 
maximum and minimum points at 300°, as shown in the mechanical 
tests, was obtained. The effect of temperature deformation and 
rate of loading on the tensile properties of low-carbon steel below 
thi thermal critical rangt. has been determined by H. J. Frenoh,®^ 
who has found that the maximum ductility occurs in longitudinal 
tests between 200° and 300° C., but in transverse tests between 
150° and 300° C. Cold-rolled steel after heating to 295° C. for a 
short time showed a decided increase in proportional limit with no 
change in tensile strength or ductility. The effect of variation in 
the rate of stress application was studied by means of an apparatus, 
which photographed simultaneously the indicator readings for 
stress and strain on a cinematograph film. These show that up fio 
blue heat the tensile properties of steel are independent of the rate 
of loading, but at 465° C. the tensile strength increased slightly , 
with the rate of loading. 

Certain changes which take place in the properties of iron and 
steel at temperatures below 280° C. have been investigated by 
F. C. Thompson and E. Whitehead.®® For example abnormalities 
are found in the rate of increase of electrical resistance and 
thermo-electric power when used in conjunction with platinum at 
temperatures of 55°, 100°, 120°, 140°, 220°, and 245°. The changes 
which occur at 120° and 220° are the most important as they 
Muence the mechanical properties of the metal. It is not con- 
sidered as probable that the abnormalities arc due to allotropio 
changes. Iron carbide exhibits two well marked abnormalities dk 
a similar nature at 160° and 220° C. It is not clear whether these 
are distinct points or are the ends of a single transformationwangel 
The electrical resistivities of iron and liigh-carbon steels quenched 
from 280° C., are found to be different from those obtained S.fter 
slow cooling, but when the quenched material is kept at the ordinary 
temperature, spontaneous tempering takes place, the value of the 
resistance becoming practicafly identical with the elowly cooled 
material after about 12 days. 

Among the iron alloys requiring peculiar conditions for succes^tj 
working, may be mentioned silicon steels containing more tha^ 


•* UM. Bttreau of Standards, Tech. Paper No. 219, 1922, 16, 679 : 
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4-2% Si. These steels have been investigated by N. B. Pilling,®* 
who finds that they are too brittle for satisfactory shaping by 
punching or similar operations and that the brittleness is not 
permanently removed by heat treatment, but that at a temperature 
of 100® C. the steels arc sufficiently ductile to be worked. Aluminium 
is found to have a similar effect to silicon. 

The increased brittleness of iron which has been galvanised and 
quenched in the usual way has been^shown by W. R. Bean®’ to be 
independent of the zinc coating and due to the presence of 
phosphorus and silicon in the metal. The exact mechanism of the 
deterioration has not been determined, but a similar effect is pro- 
duced by quenching iron which has not be subjected to a molten 
bath of zinc, the deterioration being intercrystalline. ^ 

The danger resulting from the possible inclusion of tinplate 
scrap in steel furnaces, resulting in the finished steel containing 
small quantities of tin, is illustrated by results obtained by J. H. 
Whiteley and A. Braithwaite,®* who have determined the effect of 
tin on low- and medium-carbon steels. They show that small 
quantities of tin are liable seriously to impair the ductility, as in 
steel rails, even 0*06% may be unsafe. The harmful effect of tin 
apparently increases with the carbon content, for in mild steels the 
above amount has, apparently, no detrimental effect. 

Metallogkaphv. 

The structure of martensitic carbon steels and the changes in 
microstructure which occur upon tempering, have been studied by 
H. S. Rawdop and S. EpStein.®* They show that the coarseness of 
the martensitic structure depends almost entirely on the quenching 
temperature and very slightly on the period of hefitii^. Eaph 
crystal of austenite is transformed on quenching into a system of 
martensite needles having a different orientation from neighbouring 
crystals. The conspicuous martensite crystals are lower in carbon 
than the filling material, 4s evidenced by the behaviour of the 
completely tempered specimens towards etching reagents. The 
structural changes during tempering below 250® C. are slight, but 
are shown by the difference in the rate of etching of martensite by 
alkaline oxidising reagents. Martensite and austenite, if retained, 
are completely transformed at 250® C., the steel assuming a granular 
appearance. tThe scleroscope hardness of the steels decreased very 
slightly up to 250®, then more rapidly. Increase in the temperature 
J)efore quenching, or prolonged soa^^ before quenching, produced 

**Amer. Inst. Min. and Met. Eng., Feb., 1928 ; J., 1929, 457a. 
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no marked effect on the hardness of the steels. On the other hand, 
the uniform cellular martensitic structure of a steel containing 
C 0*38, Mn 0-52, Si 0*2, Cr 1-08, and Ni 1*87% was not changed 
at all by tempering up to 704° C., nor was any change noticed by 
H. B. Pulsifer and 0. V. Greene^® in the ground mass, grain size, or 
width of the grain boundaries in this steel, although considerable 
alteration of the physical properties took place as a result of the 
treatment. The mechanism hardening has been further studied 
by S. Matsushita,*^ who has used a special apparatus for recording 
the change in length of rods during quenching. 

The effect of quenching mild steels containing less than 0*1% C 
from ordinary hardening icmperatures is to show little increasq in 
the hardness number or tensile strength, but M. Sauvageot and 
H. Bel mas *2 have shown that if quenched from very high temper- 
atures, a considerable increase is shown in both these properties. 
Bars quenched at 1350° C. showed ferrite and sorbite, at 1400° the 
transformation to martensite was incomplete, but at 1450° only 
martensite was present and large crystals had developed. The 
critical temperature of quenching is known to increase with decrease 
of carbon, and the same authors*® have shown that this critical 
temperature reaches the melting pomt for a steel with a carbon 
content slightly below 0-09%, the manganese being 0*33%. They 
conclude from their experiments that the hardening of perfectly 
pure iron cannot be effected, even at very high temperatures. 

An examination of steels containing globular cementite has been 
made by C. H. Desch and A. T. Roberts,** who show that the. 
maximum strength of the steels falls progressively with advancing 
conversion of the cementite to the globular form. Various makes 
of safety-razor blades were examined and were found to consist of 
minute globules of cementite embedded in an apparently structure- 
less ground mass. It was found that, on heating, solution of the 
isolated globules of cementite takes place very slowly. The 
resistance of a blade to wear probably increases with the uniformity 
and regular distribution of the cementife particles. 

N. T. Belaiew*® replies to F. Giolitti’s*® survey of his theory of 
the secondary structures m steel and points out that the trans- 
formation of the dendrites first formed ih the solidification of s^eel 
into y-iron involves recrystallisation into independent granules of 
austenite. The dimensions and distribution of the granules 
depend on the condition of cooKng in the austen'.tic zone, and while 

Chem. and Met. Eng., 1923, 28, 354 ; J., 1923, 312a. 
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the general polyhedral structure is produced, th6 number and dis- 
tribution of nuclei and subsequently of grains are altered. It is 
considered that the granulation zone is the true y-iron zone. The 
primary conditions for obtaining a well-defined Widmanstatten 
structure is the development of large grains of austenite in the 
granulation zone, the subsequent secondary crystallisation being 
controlled so as to cause the maximum quantity of ferrite to 
crystallise out along the cleavage planes of the large granules. 

The effect on the grain growth of Armco iron, of annealing at 
temperatures below Go0° (1, has been studied by L. E. Benson 
and F. C. Thompson,^’ who have shown that the grain size increases 
'at a rate depending on the temperature, rapidly during the first iew 
hours, then more slowly, eventually reaching a maximum which is 
greater the higher the temperature. At 050° the growth stops 
rather suddenly after five liours and is much less than the maximum 
attained at 500°. At 800° the growth is much more rapid and is 
BtiU continuing after 40 hours. Similar results arc obtahied by 
annealing low-carbon steels below 700°. 

A considerable amount of attention has been given to the 
occurrence of nitrogen in steel and its effect on the properties etc. 
A. Fry^® considers that iron forms two nitrides, FcgN containing 
1M%N and stable up to 400° C., and Fe 4 N containing 5*9% N, 
stable up to 560° C. Above 560°, the latter compound breaks up 
into a solid solution containing 0*5^0 N and a eutectoid of Fe 4 N 
and a solid solution containing 1-5% N. On cooling, this becomes 
magnetic below 480° and it is also magnetic above 740° C., On 
treating pure iron uith ammonia at 680° C. two nitride layers are 
formed, the outer one containing more than 8% N and the inner 
one consisting of twinned crystals of Fe 4 N. In the presence of small 
quantites of carbon, iron that has been treated with ammonia at 
600°-800° C. shows between the outer layer of nitride and the 
unchanged iron of the interior, a zone of iron-nitrogen eutectoid, 
braunite. Both the outer and inner nitride layers are much harder 
than ordinary iron, but both are too brittle to be of practical use. 
If aft alloy steel, containing titanium, chromium, manganese, 
aluminium, or vanadium, is treated with ammonia just below 
580° C., more nitrogen goes into solid solution and an extremely 
hard outer layer is formed, which renders the metal suitable for 
making small machine parts, whic% are subjected to much wear. 

The depth of the nitride layer so produced should be dbout 
0*7 mm. ; its hardness cannot be increased by quenching and is not 
reduced by slow heating to 440° C. Above 560°, decomposition of 
the nitride begins with evolution of nitrogen and a corresponding 
decrease of hardness. 

« J. Iron and Steel Inst., 1923, 107, 626 ; J., 1923, 664a. 
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The influence of nitrogen on steel has also been studied by 
C. B. Sawyer,^® who states that uniform nitrogenisation of iron by 
heating it in a current of ammonia is difficult, as the hydrogen 
produced has an effect in the opposite direction. Microscopical 
examination of treated ingots indicated a solid solution of nitrogen 
in fci^rite up to approximately 0*03% N, nitride needles being 
observed above this value. Mechanical tests showed a great loss 
in the ductility of steels con: *’ning 0*015-0-03% N. The amount 
of combined nitrogen in iron and steel has been found by L. Jordan 
and F. E. Swindells^® to increase subsequent to certain' heat- 
treatments in certain cases. An increase of nitrogen was found in 
th^ outer layer, but not In the inner layer of an autoclave pjate. 
used in the Haber nitrogen fixation process. During an investi- 
gation of the methods of determining nitrogen in iron and steel, by 
F. Wiist and J. Duhr,*^^ it was found that the amount of this element 
varied irregularly in samples of basic Bessemer steel, varying from 
0-006% in steel from some works to 0-028% in steel from other 
works. 

A further investigation has been undertaken by F. Wiist^® in 
order to account for these differences, and samples from ten works 
at various stages in the process have been examined. The results 
indicate that the quantity of nitrogen taken up increases with the 
temperature of the bath, and that in all probability a high blast 
pressure also promotes the taking up of nitrogen. 

Corrosion. 

The questions of the corrosion of iron artd steel, means of reducing 
or preventing it, properties of stainless steel, etc., have received a 
large amount of attention and information is being accumulated, 
which v/ill not only prove immediately useful in the industries, but 
which 'Will ultimately prove of great importance in the solution of 
many problems at present imperfectly understood. J. Newton 
Friend,®® who has made a special study of corrosion, has presented 
a further report, giving a description of experiments commenced in 
order to determine by means of “ field tests,” the relative corrodi- 
bilities of various forms of commercial iron and steel under vauying 
conditions of exposure. Simultaneously, laboratory tests hate 
been carried out on the same samples to obtain an indication 
of their value in practice. The influence of chemical composition, 
micrographic structure, and other properties upon corrodibiMy 
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has also been studied. W. H. Hatfield®^ has ^published a table 
which shows whether or not the chief industrial alloys are 
attacked by various corroding agents, and discusses the results 
contained therein. Many apparently anomalous results are 
observed among corrosion phenomena ; thus, 5% acetic acid 
solutions attack a 12-14% chrome steel, whereas vinegar ^con- 
taining 4-5% acetic acid lias no effect ; citric acid and lactic acid 
of all strengths attack the steel, yct^ neither lemon juice nor sour 
milk affects it. These and similar results show the importance 
of examining the behaviour of metals in contact with the exact 
solutions to which they will be exposed in practice. 

E^eliminarj?^ tests to hnd a relation between surface tension dnd 
corrosion show that corrosion proceeds only when the surface 
tension of the solution is greater than that of the film. This may 
account for the difference in action on steel of vinegar and acetic 
acid of the same strength, ihc former having a lower surface tension 
than the latter. W. S. Calcott"’'' has given the following conditions, 
which should be complied with in order to conduct laboratory 
corrosion tests from which it is intended to predict the life of a 
plant constructed of the material under examination : The volume 
of the solution should bo sufficient to render change in composition 
inappreciable. The temperature should be exactly regulated. The 
test should be carried on for a sufficiently long time. The test 
strips should be cleaned with a suitable reagent or a mild abrasive, 
but not polished. Ilesiilts are better expressed in diminution of 
thickness, rather than of weight. The corrosion of steel in sulphuric 
acid has been studied by W. G. Whitman and collaborators,^® who 
find that corrosion at rest increases with acid concentrations 
(between 0-0043.^ and 5iV), though not proportionally. With 
very dilute acid, corrosion increases with the velocity of rotation ; 
with stronger acid, it at first falls and then increases, and with a 
velocity of 12ft. per sec., the corrosion with acids of all concen- 
trations is the same. The results indicate that corrosion at rest is 
chiefly corrosion with evolution of hydrogen ; an increased velocity 
increases the difficulty of forming bubbles and decreases this effect, 
but it increases corrosion by oxygen depolarisation and this is the 
predbminant effect at high velocities. W. E. Hughes®^ has pointed 
out that electrolytic iron, obtained from a solution of ferrous and 
calcium chlorides, may be more liable to corrosion than iron 
obtained by the electrolysis of solutions containing ferrous and 
magnesium sulphates. The difference is attributed to the greater 
activity of inclusions of chloride impurity in promoting rusting. 

' « Trans. Faraday Soc., 1923, 19, 159 ; J., 1923, 1074a. 
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That the preseii 4 '.e of iron sulphide in contact with iron, consider- 
ably increases the corrosion of the metal under various conditions 
is shown by R. Stumper.®® 

The methods employed for the prevention of corrosion of iron 
and steel are reviewed by B. Zschokke,®® and particular attentioil 
is paLI to the passivity induced by chromic acid and its salts. For 
practical application in the case of iron structures, it is suggested 
that the ironwoik might be ^ s . ted with an emulsion of grease and 
a solution of an alkali chromate, or that a fii’st coat of paint 
should consist of an emulsion containing a protective solution. It 
is also recommended that the metal m reinforced concrete work 
shfudd be covered with c. layer of concrete containing a soluble 
chromate, so that any penetration of moisture through the finishing 
coat* of ordinary concrete should reach the ironwork in the form of 
a protective solution. 

The importance of anticorrosive and antifouling compositions in 
connexion with shipping is dealt with by P. E. Bowles.®^ The 
accepted modern practice is that the vessel must primarily be 
protected from corrosion and the antifouling composition be 
applied after the coat of anticorrosive paint. The object of the 
antifouling coat is the i)rotection against the accumulation of 
marine hfe by surrounding the vessel with a solution which is toxic 
to both animal and vegetable organisms. Of the substances used 
to render the compositions toxic, salts or compounds of copper and 
mercury are of first importance, followed by arsenical compounds. 

The prop(irties of stainless steel and iron, especially as regards 
resistance to corrosion, have been further dealt with by J. H. G. 
Mon 3 rpenny,®i who finds that the greatest resistance to corrosion 
is observed when the steel is in a homogeneous condition obtained 
by quenching from a temperature sufficiently high to ensure that 
all carbides arc dissolved. 

Fully annealed stainless steel is less resistant to corrosion than 
when in the fully-tempered condition, ajid when severely distorted, 
stainless steel rusts comparatively readily. For a given chromium 
content, the corrodibihty is less the lower the carbon pi^sent, 
whilst for a given carbon content, the resistance to corrosion 
increases with the chromium content. • 

Fenic chloride and copper chloride solutions attack the steel, but 
copper sulphate, nitrate, and acetate solutions have no action on it. 
Atmospheric corrosion and superheated steam are wc H resisted, as 
also is scaling up to a temperature of about 825° C. The results of 

the investigation of the effect of heat treatment on two groups of 
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steels containing 2-12% Cr and 0-36% and 1%«C respectively are 
given by C. R. Austin.®^ The results given include tensile tests 
made on the steels annealed at 800°, 850°, and 960° C., also on 
specimens quenched in oil from 960° and afterwards tempered at 
610° or 650° C. 

The diffusion of chromium into metals below their melting points 
is the basis of the chromising patent process. This process is dealt 
with by F. C. Kelley®® and consists, in packing the material to be 
treated in a mixture of alumina 45% and powdered chromium 55% 
and heating to a temperature of 1300°-1400° C. in a vacuum or an 
inert gas such as hyc&ogen. A suitable furnace for the purpose is 
maj[le of alundum tubes, wound with molybdenum wire and insulated 
with alumina. It is necessary that the chromium be in actual 
contact with the metal in order to be taken up, and a sebond 
treatment with fresh contacts must be given if it is desired to 
increase the penetration of a surface coating. Iron wire treated 
for 1| hours showed an increase in weight of 11-7%, diffusion having 
been effected entirely through the wire. The treated wire was 
electrically heated in air to 1050° C. for 200 hours without burning 
out. The product obtained by tliis process behaves like stainless 
steel. Nickel may be chromised at a temperature not exceeding 
1300° C., but a temperature of 1600° is necessary to effect any 
penetration into molybdenum or timgsten. 

As a means of preventing corrosion, tin-plating is of very great 
importance, and the chemical problems involved in the tin-plate 
industry have been dealt with by H. J. Bailey.®^ This author' 
considers that, although the engineering side of the manufacture 
has been highly developed, the chemical side is largely carried on 
by methods handed down from the past without any organised 
chemical research directed to elucidate the mechanism of the 
various processes. An outline is given of present practice, and the 
cause of blisters, hard or thick metal, and the action of flux on the 
tinning pots, etc., receive attention. 

“ J. Iron and Skel Inst., 1923, 107, 419 ; J., 1923, 662a. 
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By Professor C. A. Ebwai.i»s, D.Sc., and H. I. Coe, M.Sc., 
University College, Smamea. 

The general improvement in industrial conditions during 1923 
has resulted in an increased demand for many of the common 
met|ils, and there have been substantial increases in the prices 
of lead, zinc, and tin. In Britain the state of trade in the spelter 
industry, in particular, has improved greatly during the course of 
the two last years ; to a less marked extent tin mining has given 
rise to more employment consequent upon the re-opening of 
several of the Cornish mines, brought about not only by the 
increased value of tin but by the present demand for arsenic. 
Copper has proved disappointing, and the price, after appre- 
ciating in the early part of the year, fell later to the low price 
prevailing during 1922, thus inicating that the supply more 
than equalled the demand. The scarcity of platinum, combined • 
with a relatively large demand, has resulted in a considerable 
increase in value, which is likely to be maintained until more 
settled conditions in Russia permit of an extended development 
of the deposits in the Urals. Silver has qot enjoyed a good market 
during the year. 

No very important developments in the form of new metal- 
lurgical processes appear to have taken place during 1923, though 
it is possible that some of the large-scale experiments carried out ' 
by the U.S. Bureau of Mines may lead to striking improvements 
in some processes in the near future. 

Pbocesses of Ore Concentration. 

H. M. Roche 1 gives an account of the new magnetic concen- 
tration mill at the Richard iron mine, New Jersey, operating on 
non- Bessemer magnetite, containing 65-15% of iron, with details 
of the preliminary crushing* and the stages of magnetic conoen* 
tration for sized grades of material. Coarse ore, -f S-mesh, is 
treated in the Ball Norton dry drum type while fines — 8-mesh are 
treated in •the Roche wet belt machine. The wet belt machine 
consists of a set of magnets underneath an inclined vanner qr 
flanged belt ; the machine is set at an angle . of 10°-80°, the bdt 

^ Sng. an4 Min, J, Prm, XLB, 923. 
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moving up the incline towards the headwheel aijd the feed mixed 
with water being fed to the lower magnets. The magnets are of 
the altornating-]xjlc type, and twenty magnets, spaced 3-inch 
centres, arc used in each machine. The feed strikes the magnets 
near the footwhoel, and the magnetic iron material clings to the 
belt and is carried ov('r the upper magnets and head wheel ivhile 
the tailing is washed down over the footwheel. As the ore travels 
up the belt, wash water is added, and as the ore passes from one 
pole to another a loop J-f inch high is formed, the magnetic 
particles t-urning over in looping. Strong currents of wash water 
coming down the belt; wash through the loops of ore and remove 
the non-magnetic material. The tailing assays about 2-2% Fe, twid 
the recovery amounts to 99%. 

A. H. Parsons 2 describes the use and advantages of rubber 
linings in tube and ball mills at Nipissing, and states that output 
is increased and costs arc lowered. 

G. J. Young ^ outlines the selective flotation of a complex zinc- 
lead ore of the following composition Lead, 10-11%; zinc, 
12-13%, silver, 3 oz. per ton ; sulphur, 30-32% ; and iron, 32-33%. 
The ore is ground, so that 95% passes through a 200-mesh sieve, in 
strongly alkaline water, and the galena is separated in a 1 : 1 pulp 
at a temperature of 22^-24® C. ; a 1 : 1 mixture of water-gas tar 
and coal tar creosote is the flotation agent used. Copper sulphate 
and water-gas tar are added in the second flotation machine and 
the blende is separated from the iron sulphide and gangue. I^ead 
concentrates containing 60% of lead and about 7% each of zinc 
and iron, and zinc concentrates containing over 40% of zinc are 
obtained. 

A. W. Hahn^ gives an account of patents issued to C. M. Nokes 
and R. V. Smith covering the use of a combination of paraffin and 
sodium sulphide in the flotation process when applied particularly 
to oxidised copper ores, refractory manganese silver ores, and 
oxidised gold ores. Satisfactory results were obtained in a test 
mill having a capacity of 20 tons of ore daily. 

•The Metallurgy of Copper, Nickel, and Arsenic. 

In 1923, as in 1922, progress in the extraction of copper from 
its ores has been made chiefly in the direction of hydro-metal- 
lurgical treatment. A. W. Allen® gives an illustrated account of 
modern leaching processes for the treatment of copper ores and 
Chilian nitrate pampa. He emphasises that the efficient extraction 

* Eng, and Min» J. Press, 116 , 289. 

Ubid., lie, 468. 

* Min. and Met., 1923, 4 , 465. 

® Chem. and Met. Eng., 1923, 29 , 671. 
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of soluble material associated with an insoluble ganguo depends 
primarily on correct physical conditions. Reduction in particle 
size may not lead to bettor results, and there is an economic limit 
to the degree of crushing that should be practised. Comparatively 
coarse crushing may show a higher extraction than finer crushing, 
becadse even percolation of the solution is possible around all the 
particles, resulting in an even displacement. 

An abstracted account of the Nevillc-Soaucs process® states that 
it consists of agitating oxidised and roasted ore with sulphuric 
acid or ferrous sulphate and finely divided iron at 70° C. The 
coi^umption of iron is much less than in ordinary processes, only 
J lb. of iron being required to precipitate 1 lb. copper in the case of 
average ores ; with slimes the operation is of only a few minutes’ 
duration, and the copper is subsequently floated. The following 
reactions are typical of those supposed to take place : — 

HaSO^ + TCuO-f 5Fo-=7Cu+PeS04-l-2Fo203-l-H20. 

F 0 SO 4 4- 30ii aO + 2Fe - GOu ^FeSO^ + 21^e ^0 3 . 

H. 8. Maekay,^ in describing the Mackay electro-chemical 
process for the treatment of copper ores, gives reasons for the 
failure of early processes. His own process differs from others of 
the same class in that little or no impurity can accumulate in the 
solvent of the electrolyte, and it does not need to be supported by 
the addition of chemicals. Advantage is taken of the fact that by 
carefully controlled roasting iron sulphate can be formed and 
subsequently decomposed to oxides without converting an 
appreciable proportion of the formed copper sulphate into the 
insoluble condition. Subsequent leaching with dilute sulphuric 
acid yields in consequence a fairly pure copper sulphate solution 
with only small quantities of iron and other salts. Electrolysis 
of the leached solution becomes highly efficient, and in this 
operation the solvent becomes regenerated. When the small 
quantity of soluble iron accumulates to the extent of about 0*5% 
the current efficiency is reduced abouf 8%, so the electrol 3 rte is 
agitated in the presence of air with fine roasted ore by means 
of which the iron is precipitated. A plant is to be built in 
Australia to treat per day 500 tons of silicious ore containing %% 
of copper. 

E. Laist® gives his views with regard to the ideal copper smelter 
and deals with the general lay-out of the plant. His opinion is 
that the only type of roasting furnace to be considered nowadays 
is the multiple-hearth furnace of the MacDougal type! Its 
advantages fiver other forms arc simplicity of mechanical design,. 

“ Eng. and Min. J, Press, H6, 193. 

’ Ibid., H6, 976. 

« Min. and Met., 1923, 4i 243. 
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low repair costs, and excellent conservation of heat. Its chief 
. disadvantage is the large amount of dust it produces ; this can, 
however, be readily recovered in a Cottrell plant. He discusses 
the firing of reverberatory furnaces, and states that they are 
now heated by either coal dust or oil, the old practice of grate- 
firing having been almost entirely superseded. The choice Of the 
method of firing will depend largely on the cost of the method 
adopted. Both upright and horizontal converters have been 
found satisfactory, but under most conditions the author thinks the 
horizontal type preferable. 

W. A. Hey wood,® in a paper on the selection of a copper smelting 
plant, discusses the relative merits of reverberatory and blast 
furnaces with regard to installation costs, operation, and* fuel 
consumption, and decides generally m favour of the blast furnace 
as being the cheaper melting agent. 

E. K. Judd^® gives an interesting account of a modem copper 
smelting plant, the “ New Oroya ” smelter of the Cerro de Pasco 
Copper Corporation, designed to smelt 2500 tons of ore per day. 
" Details of the initial and fine crushing plant, methods of trans- 
porting and distributing materials, coal pulverising plant, and 
coal blowing system for the reverberatory furnaces are given. 
The roasting plant consists of ten 22|-ft. seven-hearth Wedge 
furnaces, and each roaster has its own Cottrell precipitating unit 
of 146 tubes. The sintering equipment consists of ten standard 
j type Dwight- Lloyd machines. Two 25-ft. x 100-ft. reverberatory 
furnaces, and two blast furnaces 60 ins. wide X 40 ft. long inside 
in the plane of the tuyeres are used for the production of matte, 
which is subsequently blown in five Pierce-Smith converters of 
dimensions 12 ft. x 20 ft. 

G. J. Young^^ describes lead and copper smelting practice, the 
electrolytic zinc plant, and the refining of base bullion and copper 
at the Trail smelter. 

« 

C. B. Carpenter and C. R. Hayward^^ publish an account of 
their^esearch on the equilibrium diagram of the system CugS-FeS. 
Thgy found the sulphides to be completely soluble in one another 
when liquid, but only partly soluble when solid, the two branches 
of the liquidus curve intersecting at a point below the freezing- 
points of the pure constituents. ^The eutectic range extendi 
from approximately 92-6% FeS to 50% FeS, the pure eutectic 
containing about 68% FeS. A transformation occurs between, 
the Bame limits in the solid state at 950° C., but there was no 

• Trcm. Inst. Min, and Met., Apr., 1923. 

“ Min. and Met., 1923, 4, 499. 

“ Eng. and Min. J. Press, 116, 463. 

» U5. 1066. 



evidence of transformations at lower temperatures nor of the 
presence of chemical compounds. With compositions ranging 
between 45% FeS and 15% FeS the charge swells on cooling and 
metallic copper separates. It was found that the separation of 
copper occurred most readily in the mixtures which had been 
heated in the molten condition to relatively high temperatures, 
e.g., 1260° C., and the authors suggest that FeS loses some sulphur 
by volatilisation and I'Mt on subsequent cooling the reaction 
Fe + Cua S— 2Cu + FeS takes place. . In melts containing more 
than 45% FeS the free iron liberated remains dissolved in excess 
FeS and does not react. The arrest at 950° C. is said to be due 
to^ change in the crystal habit of OugS. This explanation does 
not appear to be satisfactory, as there is no indication of an arrest 
in melts rich in CugS but only in melts containing eutectic. A 
critical examination of the liquidus on the copper side of the 
eutectic range indicates that there is room for further study, 
especially in the region about 50% CugS, where a compound may 
exist. The solidus lines were not carefully studied, and the 
photo-micrographs reproduced are not so clearly understood as 
the text indicates. 

R. S. McBride^® gives an interesting account of a new plant of 
the International Nickel Co. for the production of malleable 
nickel and Monel metal. The production of Monel metal from 
matte is described ; final reduction of the oxides with charcoal 
is effected in acid open-hearth furnaces, or, for special charged low 
in sulphur, in basic -lined electric furnaces. One oz. of magnesium 
is added for the de-oxidation of 100 lb. oi metal prior to casting 
into ingots weighing two tons each, including a sink head of about 
25%. The ingots are cleaned by milling and chiselling, re-heated, 
and hot forged to billets, which are then rolled. 

Calcium arsenate has proved to be the most effective agent 
for controlling the boll weevil, and a very large demand for it has 
arisen. An article on “ Developments*in the production of arsenic 
at Anaconda is consequently of special interest. Butt^ ores 
average 0-5% AsaOg, and the flue dusts from the roaster gases 
contain from 7 *5 to 17*5% AsgOg, while the dust from the CoUrell 
plant contains 25-35% AsgOg. These gases are passed througli 
Cottrell treaters to give a product assaying 70-85% AsgOg. After 
re-treatment of the dust (diluted) in a reverberatory furnace a 
condensed crude arsenic, over 90% AsgOg, is obtained and seiit 
to the re finin g plant, which consists of two reverberatory reflnii^ 
furnaces in.which the AsgOg is melted and volatilised, the vapours 
passing through chambers to a bag house. 

« Ohm. and Met. Eng., 1S23, 29i 745. 

K* Min. emd Met., 1923, 4, 885. 
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Metallurgy or Zinc and LeId. 

W. Kapellman'® gives a description of the Fiechtl vertical 
retort for zinc ores, which consists of a double row of vertical 
retorts arranged within the furnace and parallel to its length. 
This facilitates charging by means of the charging car above and 
also the removal of the ashes by the ash car below. The lower 
end of each retort is closed by means of a cone-shaped valve 
bottom, which is raised or lowered by a handwheel. Zinc is 
condensed in the usual manner. By comparison with the Belgian 
retort process the cost of installation is reduced 40%, fuel by 
27%, and labour 70%. » 

J. D. Hannah and E. L. Bhead^®give the results of experiments 
which show the beneficial effect of the addition of lead in the 
promotion of the formation of spangle. Up to 3% of tin or 
aluminium fails to produce any improvement in spangle, The 
authors explain the influence of lead as being due to the dispersion 
of drops of lead in the zinc bath owing to the formation of conjugate 
solutions. “ Added lead or bismuth is segregated in definite areas 
of the coating, and this segregation forms the essential mechanism 
of spangling.” 

A publication^’ issued by the U.S. Bureau of Mines on “ Chloride 
volatilisation process of ore treatment ” states that efficient 
chloridising and volatilisation of copper, silver, gold, and lead 
may* be obtained by roasting the ore with sodium or calcium 
chlorides or their mixtures in shallow layers in a rotating tube 
furnace and collecting the fume in a Cottrell precipitator. In 
small-scale tests very go6d extractions were obtained from many 
complex ores. The furnace was maintained at a temperature of 
950°-1000° C. during the process. Lead is the most readily 
chloridiscd metal and is followed by copper ; silver gives rather 
erratic results, which are influenced by the moisture present, and 
zinc is very difficult to volatilise. 

G. C. Ralston^® shows that oxidised lead compounds, cuprous 
chbride, and silver chloride are appreciably soluble in hot brine 
solutions. The process he describes should be suitable for the 
treatment of tailings from hydro-metallurgical zinc extraction 
plants, flue dusts, etc. After leaching, a variety of methods of 
precipitation, electrolytic and chemical, have proved satisfactory. 

It would appear that in the near future applications of wet 
methods to the treatment of lead ores will become increasingly 
important. 

Eng. <md Min. J, Press, 114, 1153. 

“ J. Inst. Metals, 1923, 80, 79 ; J., 1923, 980a. 

” T. Varley, E. P. Barrett, C. C. Stevenson, and R. H. Bradford, Bull, 
211, 1923 ; J., 1923, 724a. 

Min. and Met., 1923, 4, 626 {Abstract). 
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Metallurgy of the Precious Metals. 

A. H. W. Cleave^® describes an improvement in electrolytic 
silver refining practised at the Royal Mint, Ottawa. The silver is 
deposited with a current density of 75-150 amps, per sq. ft. (m 
rotating cathodes running at a peripheral speed of 40 ft. per 
minute in circular cells 36 ins. in diameter. 

The refining of gold bullion with chlorine at the same mint is 
described and some details of the process are given, but they do 
not appear novel. 

D. L. H. Forbes-^ - ea an account of the use of sodium peroxide 
in*cyanidation at the Teck-Hughes gold mine, where the gold is 
partly in combination vdth tellurium. The addition of sodium 
peroxide to the pulp to the extent of up to 1 lb. or more per ton 
of ore was found cO increase the extraction. An ore of $20-30 
grade gave good results with an addition of peroxide of 0*4-0’6 lb. 
per ton ; the increased milling cost was 12-18 cents per ton, 
whereas the increased recovery amounted to 50 c.- $1 per ton. > 

H. B. Wright, in a paper entitled “ The regeneration of 
cyanide solutions,” outlines the treatment of gold residue dumps at 
the Mitchell’s Creek gold mine, N.S.W. The material contained 
as cyanicides, copper, lead, and bismuth in sufficient quantities to 
render the ordinary direct cyanide method impracticable owing 
to the high consumption of cyanide. Sands were treated witli 
fresh and regenerated cyanide solutions, and the gold was pre 
cipitated in zinc boxes. Solutions free from active cyanides and 
alkalis were treated with sulphuric acid, of which 380-700 lb. was 
used for 50 tons of solution. Copper was precipitated as cuprous 
cyanide, which was allowed to settle and the clear solution decanted. 
Milk of lime was subsequently added and stirred into the solution 
to fix the hydrocyanic acid and give an excess of about 0*1% of. 
hme. The regenerated solution was used for mixing with fresh 
solutions and as washes following strong solutions. The cuprous 
cyanide was collected, dried, and roasted to copper oxide. The 
remarkable statement is made that 80% of the gold and’^silver 
can be precipitated with the cuprous cyanide by the additioji of 
sulphuric acid. 

A considerable reduction in zinc consumption^ and an increase 
in the bullion content of the precipitate is effected from deoxidising 
the cyanide solutions before zinc precipitation, tfo insure the 
best precipitation the solutions should be rich in cyanides. 

Eng, aild Min. J. Press, 116 , 21. 
lie, 236. 

116 , 440 . 

116 , 806 . 

116 , 117 . 
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R. S. Butsford** gives an account of the ooouwence of platinum 
in the Urals and of the washing and dredging methods of extraction ; 
he forecasts the future extension of the mining area. 

Metallography. 

Metallographical Standards. — ^Tentative standards, definitions, 
practices, etc., were i*ecently published for criticism by the 
American Society for Testing Materials. Definitions of terms, 
the technique of photomicrography, the preparatioji of various 
metals and alloys, and ctcliing reagents are dealt with. 

A. Portevin^® presents an excellently illustrated paper on 
“ CoiTosion figures in microscopic metallography.” Etching re- 
agents which act by the solution or corrosion of the polished surface 
reveal the crystal structure— that is, the constituent grains of the 
phases — on account of two relat(;d phenomena, characteristic of the 
material in the crystallised condition : (1) InequaUty of the rate 
of solution, a function of the cry.stalline orientation of the plane 
attacked, which gives rise to ridges betsween the etched sections of 
adjacent grains showing in relief the boundaries which throw 
shadows under oblique illumination. (2) The birth of corrosion 
figures which are the origin of the variation in brilliancy existing 
between adjacent grains, (a) The symmetry of these figures is 
similar to that of the particular crystal or grain ; (6) the form, 
number, dev(;lopnient, and clearness of the corrosion figures 
depend on the etching conditions, that is, on the nature and 
concentration of the etching reagent, and the time and temperature 
of the attack. 

J. Strauss recommends the use of hydrofluoric acid preliminary 
to the use of more ordinary etching reagents for aluminium bronze. 

A. M. Portevin^® contributes a lengthy and well-illustrated 
paper on “The structure of eutectics,” and discusses the morph- 
ology of the eutectic and the genesis of the eutectic structure ; 
the influence of surface tension, surfusion, the pro-eutectic con- 
stituent and other matters are considered, and an appendix deals 
with the deformation, recrystallisation, and hardness of eutectics. 
Thcwrareness of the lamellar type of eutectic is pointed out. 

Equilibrium in the system of gold-zinc is dealt with by P. 
Soldau,^® who studied the system by the measurement of electrical 
conductivity at various temperatures, by thermal analysis and 
microscopic structure. He found evidence of the existence of the 
intermetallic compounds AugZn, AuZn, and AuZng. 

Min. mid Met., 1923, 4, 595. 

25 Metal Ind., 1923, 486, 610. 

. «Beu. Ma, 1923, 20, 381. 

27 ohem. and Met. Eng., 1923, 28, 862. 

28 J. Inst. Metals, 1923, 29, 239. 

^Ubid., 1923, 80, 351. 
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PHyeiCAL AND Mechanical Properties. 

Z. Jeffries and R. S. Archer^® discuss at lejigth the properties 
of cold-worked metals. They state that while the general effects 
of cold working are an increase in hardness and loss of plasticity 
various specific properties are affected in somewhat different ways. 
The yield point is probably affected by cold working more than 
any other property of the hardness group ; thus the yield point of 
iron (in wirel is raised by cold work to a value practically identical 
with the raised tenacity. In general, the increase in hardness and 
loss in plasticity are continuous with increasing amounts of cold 
work. The rate of cii = nge tends to decrease as the amount of work 
becomes large. The conditions at the slip planes arc discussed in 
a characteristicaUy interesting fashion, but at too great length to 
be satisfactorily summarised in a few lines. The authors conclude 
with a suggestion of the cause of strain liardening. Since the 
resistance to motion along a slip plane may be greater than in the 
unbroken crystal, these slip planes are sources of strength and 
hardness aside from the slip interference action. The hardening 
effect of deformation increases with the number of slips taking 
place. 

The same authors, in a paper on “ The modern concept of solid 
solutions,” make a contribution embracing recent ideas on the 
subject under headings dealing with solvent and solute, limited 
solubility and its variation with temperature, solidification and 
melting of solid solutions, annealing temperatures, density of solid 
solutions, electrical conductivity, coefficient of resistance, hardness, 
strength and ductility. • 

E. C. Bain 32 discusses the nature of solid solutions and considers 
the change in space lattice in binary systems of a number of metals 
which form continuous scries of solid solutions. The stretcliing of 
the space lattice is not generally so great as would be expected 
from a proportional increase in lattice size computed from atomic 
volume considerations. This indica^s a weak but perfectly 
definite attraction between unlike atoms. In a later paper ^ Bain 
states that in the lattice structure of cored crystals, characteristic 
spotted patterns of large grains are not obtained, but, instead, the 
well-marked spectrogram of smaller grains further modified by 
what must be a mixture of space lattices of various sizes. “When 
the mechanism of coring is analysed we come to the conclusion 
that the resultant alloys are actually an assortment of many 
crystals of varied spacings. The apparent grain boundaries 

enclose several orientations.” 

• 

Chem, and Met Eng., 1922, 27, 882. 

" lUd., 1923, 29, 923, 966. 
wjbid., 1923, 28, 21. 

« Ibid., 1923, 28, 66 j J., 1923, 230a. 
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H. I.' Coe,®* who carried out compression tests pin small cylinders 
of metals, found that with successive increments of loads plastic 
jiow occurred, after the elastic limit had been exceeded, at an 
increasing rate. Graphical representation showed that at a 
certain load the rate of flow for a given increment of load undergoes 
a more or less abrupt change, very soft metals such as tin and lead 
becoming perfectly plastic, and harder metals becoming more 
plastic than under preceding loads ^and immediately succeeding 
loiads. When this particular load was expressed as a stress per 
sq. in. of the enlarged section of the cylinder, it was found that 
the value obtained agreed very closely with the maximum load 
per pq. in. in tension of the same material. The term “ critical 
plasticity ” is used to indicate the change in the rate of plastic 
deformation which most metals exhibit at a particular load. 
Annealed metals appeared to commence flowing at a comparatively 
low load and continued doing so at an increasing rate up to the 
load corresponding to critical plasticity ; the same metals, how- 
ever, in the worked condition were much more resistant to com- 
pressive stresses until they approached near the load corresponding 
to critical plasticity, when they suddenly collapsed and a marked 
temporary flow occurred. 

H. C. H. Carpenter and C. C. Smith®® give an account of tests 
carried out on work-hardened aluminium sheet. The loss of 
work-hardness, measured by the tenacity, after annealing at tem- 
peratures up to 200° C. for long periods, measured in years, was 
determined. Up to 76° C. the retention of work-hardness was 
practically complete ; annealing for 2-46 years at 200 ° C. gave a 
loss equal to 6 G%. The* differences in the rate of loss of work- 
hardness for different thicknesses of sheet were not large, but they 
tended to be larger the greater the amount of work done on the 
sheet. The purer the aluminium the more the retention of work- 
hardness on annealing. 

J. Czochralski states that at temperatures above 1300° C. 
aluminium in contact with carbonaceous materials absorbs small 
quantities of carbon to form the carbide AI 4 C 3 , which on solidifica- 
tion forms small plates. Commercial aluminium was found to be 
practically free from sodium. The relationship with other metals 
is also considered. 

K. E. Bingham and J. L. Haughton®’ record the results of their 
investigation ’of the equilibrium conditions of aluminium alloys 
. containing up to 12% of copper and 10% of nickel. Thermal 
analysis was carried out with special arrangements to prevent 

>* J. Inst. Metals, 1923, 30, 309 ; J., 1923, 984a. 

J&id., 1923, 29, 29 ; J ., 1923, 368a. 

Z. Metallic., 1923, 15, 273 ; J., 1923, 1226a. 

^ J. Inst. Metals, 1923, 29, 71 j J., 1923, 368a. 
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segregation. Difficulties arose in the measurement of electrical 
resistance due to partial or complete loss of contact between leads 
and specimen owing to the formation of a film of oxide on the 
aluminium. A thorough microscopical examination was made 
and details of the methods of polishing and etching are given. Th6 
constitutional diagrams that are reproduced are of a complex 
character. 

D. Hanson and M. L. V. Gayler®® deal with the heat treatment 
and mechanical properties of aluminium with small percentages of 
copper, and from the rrsults of tensile and hardness tests conclude 
tlj^t copper-aluminiui^x alloys containing up to 2% of copper 
not .appreciably affected by quenching from 500® C. and subsequent 
age-hardening. Alloys containing from 2-5% to 5% of copper 
are profoundly afected by this form of heat treatment. The 
strength of a rolled and annealed 5% alloy is increased from 12 tons 
per sq. in. to 23 tons as a result of quenching and ageing ; at the 
same time the elongation remains high. 

In a paper on “ The production and heat treatment of chill- 
castings in aluminium alloy (‘ Y W. • Rosenhain, S. L. 
Archbutt, and S. A. E. Wells®® remark on the widely varying 
tensile properties found. On a number of unsatisfactory test 
pieces of heat-treated “ Y ” alloy slightly discoloured spots were 
visible on the fracture ; fractures of bars tested “ as cast ” did not 
show the spots, which were found to be due to heat treatment. 
The conclusion was drawn that the discoloured patches observed 
on the fractures of bars as ordinarily heat treated are due to the 
penetration of oxidising gases through* the metal into cavities 
existing in the cast bar. Density determinations showed that 
unsoundness was located at or near the centre of the bar. For a 
one-inch diameter bar and a specified iron mould, a mould tem- 
perature of 350® C., and a casting temperature of 750° C., were 
found the best. A study of different iron moulds with different 
ratios of cross-sectional areas of moul(f to casting indicated a ratio 
of 3 : 1 as being most suitable with a mould temperatwe of 
150®-200® C. Too severe a chilling of the metal by the mould, 
results in the formation of too deep a ring of chill crystals radiating 
inward from the surface of contact with the mould, and is acconr- 
panied by sponginess of the centre of the bar and general weakness. 

M. L. V. Gayler*® deals with the constitution and iige-hardening 
of certain ternary and quaternary alloys of aluminium. 

L. Guillet" describes the results of experiments on special 
aluminium bronzes (copper-aluminium-nickel). He determined the 

J. Inst. MeiaU, 1923, 29, 491 ; J., 1923, 368a. 

»• 1923, 29, 191 j J., 1923, 368a. 

" 1923, 29, 607 ; , 1923, 80, 139 ; J., 1923, 369a, 981a. 

« SfV . 1923, 20, 130 ; J., 1923, 313a. 
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coefficient of erjuivalence of silicon, manganese ' iron, and nickel 
relative to aluminium in aluminium bronzes in a manner similar to 
his well-known determination of the equivalence of elements as 
regards zinc in the brasses. Important results of mechanical tests 
on cast alloys showing the influence of nickel on aluminium bronzes 
containing respectively 90, 83, 75, and 60% of copper are ^ven. 
Small quantities, up to about 5% of nickel, in general have no very 
marked effect, but larger quantities raise the maximum stress and 
elastic limit, whilst the ductihty, as measured by elongation, is 
lowered. The microstructure of the alloys is dealt with briefly 
and some reference is made to the influence of mechanical and 
thermal treatment. The same author^^ discusses the effect ®of 
phosphorus, magnesium, and cobalt on the proj)erties of aluminium 
bronze. The influence of phosphorus to the extent of 0*2% was 
found to be very harmful, both the ultimate stress and the elonga- 
tion being reduced. Magnesium embrittles the alloy, and it 
appeared that cobalt possessed no beneficial influence ; in fact, it 
seemed to be actually harmful. 

J. D, Edwards^® has made density measurements of cold and hot 
aluminium-silicon alloys containing up to 15% of silicon, and 
found that crystallisation shrinkage decreases with increasing 
amounts of silicon. 

C. R. Austin and A. J. Murphy^* record an extensive research 
into the liquidus and solidus over the whole range of the copper- 
aluminium-nickel system of alloys. The compound NiAl possesses 
the high melting point of 1640° C. 

H. O’Niell^® found that indentation tests on single crystals of 
aluminium indicate that the rhombic-dodecahedral face has the 
greatest mean hardness, 23*3 ; the octahedral face is softer, 21*3, 
and appears to be slightly harder than the cube face. The presence 
of grain boundaries in aluminium does not appreciably affect the 
resistance of the metal to indentation. 

A. L, Norbury,^® in investigating the hardness of annealed 
copper, sought to obtain a more definite expression for the Brinell 
hardness. A definite expression for the hardness of copper must 
takev into account the annealing temperature, or some factor 
which is being influenced by the anneahng temperature. 

In another paper Norbury^^ measures the hardnesses of certain 
copper-rich a-solid solutions in orejer to compare the relative 
effects of different elements in increasing the hardness of copper. 
In a contribution on “f^ome experiments on the hardness and 
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spontaneous annoaling of lead”^® the sauio author described an 
ingenious adaptation of a lever tensile testing machine for making 
low-load Brinell impressions. BrinoU hardness tests were made on 
lead using various loads, maintained for various lengths of time, 
and the results were interpreted according to Meyer’s formula 
L = adP, The effect of cold-hammering was to increase the 
hardness ; the spontaneous annealing of lead was studied, and it 
was found (1) that, within certain limits, the greater the amount 
of cold work the greater the hardening ; (2) that lead spontaneously 
anneals at room temperatures ; (3) that the rate of annealing 
increases with the ar ■ int of deformation. It was observed that 
lead which had been very severely hammered became dead ^oft 
within 20 seconds. 

L. Aitchison'*® in describing the meclianical properties of mag- 
nesium alloys, gives an account of mechanical tests on Electron 
metal and alloys of magnesium with, respectively, 1% of cadmium, 
6% of aluminium, 11% of aluminium, 3% of copper, and 13% of 
copper, and comes to the conclusion that it is doubtful whether, 
for the purposes of the aircraft engineer, the alloys are really 
effectively light, in view of their low elasticity and not uniformly 
good mechanical properties. Better ])roperties in the . magnesium 
alloys may follow from further development. H. J. Maybrcy, in 
the discussion of the paper, stated that good results had been 
obtained by the Magnesium Co. after prolonged experiments in 
the production of good (tastings. 

D. Hanson, C. Marryatt, and G. W. Ford^® give the results of an 
important investigation into the effect of oxygen on copper. 
Considerable difficulty was encountered in the production of 
sound castings and complete success was not attained. The 
oxygen content of the castings ranged from 0-015 to 0-36%. It was 
concluded that oxygen has a relatively small effect on the pro- 
perties of copper, and is neither seriously deleterious nor markedly 
beneficial. The mechanical properties arc not much affected by small 
quantities of oxygen, and a metal containing as much as4)’l% 
differs very slightly from pure copper. The electrical conductivity 
does not fall very much, and values exceeding 100% of the Irtter- 
national Standard are obtained in all annealed material containing 
less than 0*1% of oxygen. The small effect of oxygen is probably 
due to its extremely low solifibility. The authors emphasise that 
their conclusions are applicable strictly only to pure copper con- 
taining oxygen and free from other impurities, and that the present 
research is a basis for other work. 

“ Trans, Faraday Soc.^ 1923, 19, 140. 
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D, H. Ingall®^ has published a paper entitbd “Experiments 
with copper wire : cohesion a function of both temperature 
and cold work.” He determined for a number of loads, the tem- 
perature at which wire broke under a given load. The temperature- 
load curves reproduced show an inflection at 350° C., and the 
low-temperature straight line portion of the curve conforms to 
the ordinary algebraical equation y — a bx where y is the 
tensile stress, x the temperature, and a-i^d b are constants. The 
value a represents a relative measure of the susceptibility of the 
material to hardening or strengthening by cold work, and b the 
susceptibility to softening or annealing with rise of temperature. 
The high-temperature portion of the curve corresponds to the 
equation xy^ = ky where n and h are constants, and either x or y 
may be cohesion or temperature as the case may be. Values for 
n and log. k are given for the various series of experiments. It is 
established that beyond 350° C. the cohesion or tensile strength of 
the copper used is a function of both temperature and work up to 
60% reduction. 

According to M. Cook,^^ recrystallisation of cold- worked cadmium 
occurs between 50° and 60° C., the greater the reduction the lower 
being the temperature. D. Hanson criticised the work on the 
ground that sufficient attention had not been paid to an allotropic 
change occurring at 60° C. 

W. Fraenkel and H. Becker, in dealing with the kinetics of 
the transformation of quenched ajS-brass, point out the changes in 
structure of homogeneous jS in quenched 60 : 40 brass on anneahng 
between 150° and 200° C. ; a fall in the electrical resistance was 
observed. 

Experiments were carried out by R. C. Reader®^ on some pro- 
perties of the copper-rich aluminium-copper alloys, who studied the 
density volume changes and heat treatment of alloys containing 
up to 11% of aluminium. Maximum ductility was obtained in a 
10% alloy by annealing for short periods at 700° C. after quenching 
from 900° C. ; a very fine *a + jS structure, indicative of strength 
and dactility, is imparted to the alloy. 

H. Heape^® finds that for cast alloys of copper with tin, in 
gentol, hardness varies in the same order with the density. 

^ According to A. H. Mundey and C. C. Bissett,®® no substantial 
advantages accompany the use of 1% of nickel in high-grade 
. bearing metal ; in fact, some valuable properties are diminished. 
Nickel appears to have the effect of suppressing the network of the 
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copper- tin constitaent, which has been shown to be of value in 
reducing segregation in tin-rich bearing metals. 

Calcium-lead bearing metals are discussed by L. Filipoff,®’ who 
gives an account of the properties and microstructure of a bearing 
metal containing 1‘9% of calcium, 1-00% of strontium, 1-10% of 
barium, 1*37% of copper, 0*10% of sodium, the remainder being 
lead, and compares them with those of the ordinary tin-rich 
bearing metals. Except for, their liability to oxidation during 
melting, the author considers the alkahne-earth bearing metaS 
superior to those containing tin, which possess the disadvantage 
of having a relative!;, ^w melting point. 

W. Guertler**® deals with the properties of alloys of molybdenum 
with tungsten, tantalum, platinum, palladium, chromium, iron, 
nickel, cobalt, and copper, and finds that with a high proportion of 
molybdenum the a-Uoys are usually hard and brittle. 

L. Guillet and M. Ballay®® conclude, from the results of their 
experiments on the influence of work on the resistivity of metals 
and alloys, that the resistivity of pure worked metals is slightly 
changed by annealing ; the diflerences arc below 4%. Annealing 
decreased the resistivity of all the metals experimented with, 
except tin and lead, for which a slight increase was observed, Onj 
the other hand, the resistivity of certain alloys is considerably 
changed by annealing, alloys coasisting of a solid solution showing 
the greatest change. For most alloys the resistivity of the worke4 
material is lowered by annealing, though the contrary holds for 
German silver, 

A. W. Gray®® gives a large amount of valuable information on 
the volume changes accompanying solution, chemical combination,’’ 
and crystallisation in amalgams. The general curve of reaction ^ 
expansion of silver-tin-copper amalgams is characterised by four > 
consecutive stages of alternate contraction and expansion; an 
explanation of a typical curve is given. Factors that influence ; 
dimensional changes, such as fineness ef alloy, trituration, etc., are 
considered, and a considerable amount of experimental data ia 
given. 

R. C. Reader®^ finds that .pure metals which solidify |i.t a 
constant temperature are not affected as regards density by the. 
rate at which they solidify. Alloys which solidify over 8 range of 
temperature give a lower density in the interior of the bar whenj 
chill cast, while other alloys are not so affected. The very int«^‘^ 
esting fact was established that alloys that solidify through i 
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range of temperature are inversely segregated an rapid solidifica- 
tion; that is, they are richer on the outside in the component of 
low melting point- and richer in the centre in the component of 
high melting point. 

With the use of a thermo-balance H. Endo®^ determined the 
volume changes during the melting of ice, mercury, sodium, tin, 
bismuth, thallium, cadmium, lead, gold, silver, copper, and alu- 
minium by means of careful density^ measurements which showed 
progressive volume changes in the region of and through the 
melting points. The results of previous experiments are confirmed 
and amplified. 

A. M. Portevin and P. Chevenard®® apply dilatometric methods 
to tne study of the transformations and mechanism of heat treat- 
ment of the light alloys of aluminium, magnesium, and silicon 
and, in general, of alloys containing two-phase, univariant 
transformations. 

S. Beckinsale®'^ reports further results of his investigation into 
season cracking and its prevention, and deals with the removal of 
internal stress in 60 : 40 brass. The influence of mechanical 
methods on the removal of internal stress and the investigation of 
low-temperature annealing were recorded. Reeling reduces tension 
stresses in the outer layers of rods or tubes by the production of 
permanent deformation in tension, with consequent increase in 
hardness of the layers affected. Malleting, hammering, and 
springing are uncertain and comparatively ineffective in their 
results. Low-temperature annealing at 17,5°-200° C. is superior to 
other methods, except that reeling of rods or tubes has advantages 
when it is necessary to straighten these as well as to reduce the 
amount of stress in them while maintaining the maximum degree 
of hardness. 

N. B. Pilling and R. E. Bedworth®^ give the results of numerous 
experiments on the oxidation of metals at high temperatures. 

During the course of a research into the cause of red stains in 
sheet brass, E. A. Bolton®® found that most of the staining observed 
in practice is produced by the interaction of copper oxides in the 
scale with the pickling acid. The red stains may be removed by 
means of a strongly oxidising pickle, such as bichromate solutions. 
The main cause of red stains observed in the works is the impinging 
of flames upon the metal during annealing. 

G. Tammanij and K. Dahl®^ state tfiat iniermetallic compounds 
are brittle owing to their possessing a smaller number of gliding 
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planes than pure metals or solid solutions ; in some compounds no 
gliding planes were indicated on investigation at dijfferent tem- 
peratures after shock and subjection to high pressures. All the 
compounds investigated appeared to become plastic at temperatures 
approaching their melting points. 

F. 0. Lea, V. A. Collins, and E. A. F. Reeve,®® in a paper entitled 
“ The modulus of direct elasticity of cold drawn metals as a function 
af annealing temperature,” state that for brass tubes the modulus 
[)f elasticity, and also the conductivity, have maximum values 
after annealing at temperatures approximating to 470° C. 

Under the heading. Metals for electrical lines,” a summary 
is given of the reports of the tests on various classes of wire and 
cables for overhead transmission lines carried out at the National 
Physical Laboratory by the British Electrical and Allied Industries 
Research Associat' iii. An account is given of mechanical tests on 
lard drawn copper, aluminium, and galvanised steel wire in the 
brm of single wires and cables, and of steel-cored aluminium 
jable. 


Corrosion of Non-Ferrous Metals. 

In a general discussion of alloys resistant to corrosion’® much 
nteresting information w^as brought forward. W. H. Hatfield’^ 
Dresents the results of a series of experiments on the corrosion of 
iifferent classes of iron and steel and a number of non-ferrous alloys 
)y waters, various acids, and solutions of salts. For the non- 
errous metals he finds that as regards aluminium the results 
ihow that duralumin is distinctly inferior to commercially pure 
aluminium in its resistance to the various acids and corroding 
media. As regards the bronzes, aluminium bronze appears to 
give the best general response, though its yield point in tons per 
sq. in. is disproportionately low when compared with its maximum 
stress in tons per sq. in. and with the values obtained from other 
bronzes. 

J. H. G. Monypenny’2 gives a detailed account of the resistance 
to corrosion of stainless steel and iron. His contribution includes 
valuable information concerning the general constitution of 
stainless steel, the effect of heat treatment, and the influence of 
variations in composition. 

J. Arnott’® discusses the resistance of Monel metal to atmo- 
spheric corrosion, sea water, ^eam, acids, and solutipns of alkalis 
and salts. It was found that at room temperature solutions of 
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sulphtlrous acid attacked the alloy most severely. He concludes 
that Monel metal is suitable for parts which have to resist sea 
water, impure water, steam, certain dilute acid solutions, and 
alkaline solutions oi all kinds. U, R. Evans’* discusses at length 
the mechanism of the so-called “ dry corrosion ” of metals, and 
draw^ the following conclusions : — Experiments on the beh6,viour 
of apparently dry metals, roughened with emery, show that no 
corrosion occurs when they are kept over sulphuric acid, and only 
slow, superficial corrosion when they ore kept over water. The 
^ rate of attack is greatly increased by the presence of volatile 
electrolytes in the air, sulphur dioxide being most dangerous to 
iron and nickel, ammonia to copper and its alloys, and hydrogen 
chloride to zinc and aluminium. Corrosion of metals by volatile 
electrolytes appears to require some moisture, but proceeds in air 
which is distinctly unsaturated. Special phenomena occur at the 
contact of dissimilar metals, apparent electro-chemical protection 
being observed in some cases. The phenomena are best explained 
if it is considered that electro-chemical action occurs in the 
adherent (usually invisible) film of moisture. Volatile electrolytes 
increase the conductivity of the film and thus accelerate corrosion. 
Where they tend to produce hygroscopic corrosion products, they 
bring about the absorption of further moisture, and thus increase 
the thickness of the film. 

Ofcher contributions are by J. F Kayser on “ Heat and acid 
resisting alloys (Ni-Cr-Fe)”,’^ and by F. Orme, “ Corrosion tests 
on certain nickel alloys.”’® 

U. R. Evans” believes that at ordinary temperatures the 
phenomena of corrosion as at present known are electro-chemical 
in character. He distinguishes two types of corrosion, one 
characteristic of the more reaeUwe metals in which hydrogen is 
evolved, the other depending upon the diffusion of oxygen to the 
metallic surface. 
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ELECTRO-CHEMICAL AND ELECTRO- 
METALLURGICAL INDUSTRIES. 

By J. N. PEii’a, M.B.E., D.Sc., 

Besmrch Department ^ Royal Arseml, Woolmch, 

JL .ECOIC FuENACES. 

Recent progi'css in the application of electric furnaces is again 
mostly apparent with tyjjes of a moderately low temperature 
range, and is characterised by the more extended use which is 
being made of electric furnaces in the manufacture of castings, in 
steel-smelting furnaces, and in furnaces for the annealing and heat- 
treatment of non-feiTous metals. The development which has 
recently taken place in this last connexion has been particularly 
marked in the United States. The main advantages found by 
this procedure are due to the adaptability of the furnaces, the^ 
uniformity of heating obtained, and the completeness of control 
which can be gained of temperature and atmosphere, and the 
manipulation. The continuous electric furnace, which has recently 
received more extended application, enables articles which enter 
cold at one end to be removed at the required temperature at the 
outlet. Iron castings can thus be heated continuously in an 
identical manner. On the ground of cost of heat, the electric 
annealing furnace has difficulty in competing with the fuel-heated 
type, but the advantage obtained is in the more certain realisation 
of the conditions desired. 

For the melting of metals and non-ferrous alloys, such as copper, 
bronze, brass, aluminium, zinc, cupro-nickel, and similar alloys, 
electric furnaces are continually receivmg increasing application 
and the developments in this branch have probably been «iore 
marked than in any other. The principal types of furnaces for the 
above object may be classified as the open arc, the muffle type, "the 
resistance type, and the induction furnace. The types most 
commonly us^ in the first category are stated^ to be the Snyder, 
Booth-Hall, Volta, and Giofitti furnaces, the last one being 
particularly used in brass and bronze foundries. Of muffle furnaces, 
the only representative is that of the General Electric Co. The 
most populw resistance furnace is that of Baily, and among induc- 
tion furnaces, the Ajax- Wyatt and General Electric Co. types are 
found very satisfactory. 

Four Eke,, 160. 
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Ii]L a review of recent developments in electnic furnace practice 
by E. T. Moore, 2 it is pointed out that in the application of electric 
furnaces for the production of various forms of steel a rapid recovery 
has now taken place from the reaction and slump which followed 
the great extension of installations during the war period. A 
marked tendency has been shown to the use of a greater number of 
smaller furnaces. In the production of malleable and grey iron 
castings, the main advantage of electric furnace treatment is that 
any degree of superheating may be obtained and iron much lower 
in phosphorus content may be used than is necessary in order to 
produce fluidity with ordinary means of production. The appli- 
cation of electric furnaces in this particular connexion has, however, 
been very slow. In a recent type of Heroult furnace, the reactance 
due to the large currents employed has been diminished by using 
conductors of copper pipes which also serve to carry water to the 
electrode holders and the electrode coolers. In this w^ay, about 
one-third as much copper is required as when using bars, and the 
conductors can be brought close together, thus reducing reactance 
and making it possible to have longer leads and at the same time 
have them extend beneath the floor. A further advantage is 
gained by this method where it is necessary to carry the bus-bars 
over a hot furnace. The mast or structure which was formerly 
erected over the furnace to support the electrode arms and holders 
necessitated carrying the conductors over the top (i the masts in 
order to avoid proximity to the iron parts and involved overhead 
flexible cables. In the new designs the mast is eliminated and the 
electrode arms and holders are supported from below. A 
description is given of the modifications which have been made in 
the arrangement of the electrode arms which enables the electrodes 
to be brought as close as possible to each other and to the centre 
of the furnace. 

The transformer reactor and high-tension equipment are placed 
beneath the floor, which makes it more convenient to have the 
electrode-supporting mechanism attached to the furnace either at 
the Bath, opposite the teeming spout, or on one side. Additional 
external reactance is applied to lower the power factor to 90%. 
Improvements are also described which have been made in the 
Greaves-Etchells furnace and the Moore “ Lectromelt ” furnace. 
An improvement has been effected^ in the durability of carbon 
electrodes bj securing an increase in density or diminution in 
porosity. 

In describing the development of the large electric melting 
furnace, E. Hodson^ points out that a limitation is imf)osed on the 

' ' • Blast Furnace and Steel Plants 1923, H, 153. 
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size of furnaces wth three top electrodes in that this type does 
not lend itself to multiples of three electrodes. On account of the 
current-carrying capacity of the largest electrodes which are 
available commercially, a limit has thus been reached with furnaces 
of a capacity of 40 tons of metal. 

A furnace which has been designed by Greaves and Etchells 
consists of an arc-resistance type which, on normal operation, 
introduces two phases of the three-phase power supply line through 
two or more top electrodes and the third phase through the whole 
of the furnace hearth. By the use of four or more electrodes, the 
system and desigit wb h are described enable the whole of the 
])ower to be put through top electrodes or, by change of the position 
of an oil switch, through top electrodes and the furnace hearth, a 
balanced load being obtained by either method. Considerable 
flexibility of opera^ ion is possible as the top electrode and high 
voltage can be used when melting down or when starting up a cold 
furnace, and the top and bottom electrodes when the molten bath 
is obtained and for reflning and superheating after melting the 
metal. The principle employed consists in connecting the two top 
electrodes or groups of electrodes to two arms of the secondary of 
a star-connected transformer, while the base of the hearth is 
connected to the third arm wound to give a lower voltage, and the 
primary windings of the transformer are in delta. Units of this 
furnace of 60-^ tons capacity are under construction for the 
Ford Motor Co., Detroit, U.S.A. 

It is pointed out that the Soderberg continuous electrode, now 
operating in a number of electric steel furnaces, may also have 
considerable bearing on the future design of large electric furnaces. 

In an article by F. V. Andreae^ some problems in electric furnace 
operation are considered. Based upon the theory that the re- 
actance of a three-phase electric furnace does not depend upon 
the load but is a constant, depending on the arrangement of the 
conductors, the general equations of t]ie three-phase furnace are 
developed and discussed. The transformer action which takes 
place in the bus-bars between the different phases is consitfered. 
When only voltage, current, and total power are concerned very 
simple expressions can be used which are entirely satisfactory in 
practice. A few methods are suggested to reduce the unbalancing 
of the load. The conditions obtaining in two-phase operation are 
defined. In this case the load* must be considered asiconnected in 
star, the bottom of the furnace being the neutral. The electric 
energy is in this case transformed into heat in three separate zones 
situated under the three electrodes. It appears probable that 
the load resistance is furnished by an arc in an atmosphere of 
vapours under pressure. Measurements are made with currents 

* Amr. Inst, Elec. Eng. t/.,1923, 42, 498. 
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V'arying from 6000 to 24,000 amps, per phase. .The reactance pei^ 
phase measured on the low-tension side is found to be practically 
Bonstant over the whole range of loads. The reactance depends 
apon the disposition of the bus-bars and other conductors carrjnng 
the current into the furnace. The load circuit, or the part of the 
3ircuit where the electric energy is transformed into heatf does 
aot show any reactance and acts like a pure resistance. 

The points which it is necessary to consider in the design of an 
jlectric furnace are outlined by L.P. Barton.® The main types of 
transformers now in use are the Heroult, operated at a voltage of 
about 110 volts, and the Pittsburgh or“Lectromelt,” with a voltage 
of nearly twice this amount. It is imperative to make the furnace 
leads as short as possible, as the closer the transformer is to the 
furnace the better will be the power factor. The electrical con- 
nexions or methods of transformer wiring show wide variations on 
the different furnaces and consist of the two-, three-, or four-phase 
system. The majority are operated with three-phase connexions,'' 
due to the fact that nearly all power supply is of this form. The 
use of bottom electrodes is generally being eliminated in modem 
furnace design. Opinion is at present equally divided as to the 
superiority of graphite or carbon electrodes. Operating costs per 
ton of metal are practically the same for both. 

The use of automatic current regulators gives an advantage in 
the power consumed per ton of metal and in the longer life of the 
refractories and electrodes. With regard to metallurgical features 
the nature of the hearth is the most important consideration. A 
rather deep hearth is found to favour rapid operation and is recom- 
mended for acid working, while a shaUow hearth offers the best 
conditions with a b^ic slag. The thickness of the furnace walls 
will depend on the size of the furnace. In the great majority of 
cases, in both acid and basic operation, silica-brick walls are used. 
Amongst other special refractories there has been introduced a 
fused magnesite which does, not shrink and offers marked possi- 
bilities for the electric furnace. The roof is generally of silica 
brick' though carborundum is used. Reference is also made to 
the subjects of doors, arrangement of electrodes, shape of furnace, 
tilting devices, electrode holders, cooling rings and economisers, 
general cooling arrangements and charging devices. 

A critical review of different types of electric furnaces is given 
by M. Fouithent.® It is concluded that for the melting of alloys, 
resistance furnaces, of which the main representative is the Badly 
type, have the great advantage of robustness and simplicity ; they 
are adapted for all types of current supply and are easily main- 

^ Bloat Ftmiace and Steel Plcmt, 1923, U, 272. 
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tained. The consumption of refractory lining is lower than ia. 
other types ; the resistances deteriorate only slowly and are 
readily replaced ; the metal is heated progressively and there is no 
possibility of burning. There is no consumption of electrodes and 
water-cooling is avoided. The disadvantages of the type are the 
impossibility of attaining high temperatures, and the higher 
current consumption compared with other types. 

With induction furnaces, h"'at is generated in the interior of 
the bath, thereby insuring a high thermal efficiency and a lower 
power expenditure than in any other type. Other advantages 
are : — ^Absence of deei’ des, rapidity of fusion, low losses through 
volatilisation, the possibility of employing a large range* of 
voltages for the primary, and the ready production of a large range 
of temperatures by adjusting the intensity of the current through 
the primary. Or> the other hand, inductic n furnaces are not 
readily suited for refining and require, except in the case of the 
high-frequency type, a preliminary charge of molten metal ; more- 
over, on account of the low resistance, the power factor or value of 
cos yjr is low. 

Arc furnaces provide the most flexible type, . With medium 
capacities, the current consumption is intermediate between that 
of resistance and induction furnaces, while with large units it is 
equal to the latter. The disadvantages possessed are the necessity 
which as entailed of renewing the electrodes, the use of water- 
cooling, and the disturbances which are set up in the supply circuit, 
especially with large units, though this effect may be diminished 
by automatic regulation of the electrodes. The losses due to 
oxidation and volatilisation are considerable. 

The electrical efficiency is affected appreciably by losses due to 
contact of the electrodes with the collars or glands where they pass 
into the furnace enclosure and to the resistance of the portions, of 
the electrodes exterior to the furnace. Rotating and oscillatmg 
furnaces are only suited for use with monophase current through 
, possessing only two electrodes, and current from a three-j^hase 
circuit can only be employed by loss of efficiency. 

A new type of induction furnace is described which has 
constructed by the Compagnie TVam;aise des Metaux. This is 
designed for the melting of non-ferrous metals and preparation of 
alloys, and is arranged to \j^ork continuously or with varying 
temperatures and to permit readily the decanting of hiolten metal 
from the residual slag. The furnace is constructed for use directly 
on a three-ijhase supply of 220 volts at 50 cycles, and is provided 
with three magnetic cores and a triangular channel of a rectan- 
gular section similarly to the Rochling-Rodenhauser type. The 
jptating magnetic field leads to circulation of the metal.^ a 
{J^^ftctory for this furnace a material known as “ ooiindite ” u 
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used, consisting of a mixture of sillimanitc, • Al^Oa.SiOg, and 
(5orundum, Al 2 () 3 , which is applied in a fused condition, the melting 
point being 1900° C., and its durability being considerably higher 
than that of magnesia bricks. Units of this furnace of 100 — 200 kw. 
capacity are in operation at CastcLsarrasin in France. A unit of 
100 kw. contains 6(X) kg. of metal and melts brass with a jiower 
consumption of 250-300 kw.-hr. per ton of metal. 

An historical resume is given by E„ W. Lewis’ of the commercial 
applications of the electric furnace. Its early development was 
focussed on the search for an economical means of producing 
metallic aluminium. A summary is given of the different types ol 
furnaces now in use. The development of induction furnaces has 
not kept pace with metallurgical operations and, at the present 
time, the arc type easily outnumbers induction furnaces in industrial 
applications, particularly in the metallurgy of steel, ferrous and 
non-ferrous metals and alloys. The outstanding ditliculty experi- 
enced with induction furnaces has been to find a suitable lining 
material to withstand the heat, and the demand for the use of an 
exceedingly low frequency power. The majority of arc furnaces, 
which are used in capacities of from 1 ton to 40 tons, are built on 
the Heroult principle. In several types of modern furnaces, 
application is made of the combined principles of the arc and 
resistance. For the melting of steel castings, the power expenditure 
varies from 500 to 600 kw.-hr. per ton, and for refined steel from 
700 to 1200 kw.-hr. per ton. For* the heat treatment of metals, 
the furnaces used arc of the I’csistance type. For the melting of 
iron ores, the type of furnace which has been found most serviceable 
is the Elcktrometall furnace. In modem practice, firebricks are 
replacing magnesite as a furnace lining. Apart from its application 
in the manufacture of steel, the electric furnace has proved highly 
successful in the manufacture of alloy ingots, such as ferro-silicon, 
ferro-tungsten, ferro-titanium, and ferro-chromium. Three-phase 
furnaces have been found ^to be most economical for the ferro- 
alloys of silicon, manganese, and chromium, which have lower 
meltijig points, and single-phase for those of molybdenum, vanad- 
ium, uranium, and titanium. 

A* recent marked development in electric furnace practice is in 
the automobile industry where it is tending to become common 
practice even at a slightly^ higher cost. The advantages gained in 
this case arc ^ due to the ease of cdntrol and the regularity and 
uniformity of the results obtained. One of the Ford factories in 
America contains an electric furnace forming a connected load of 
14,000 kw. for the heat treatment of motor bearings. ‘The carbon 
resistance type has been widely installed and provided with auto- 
matic control of temperature. The heating is effected by carbon 

’ Miglnemtiy, 1923, 1X6, 257. 
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rods immersed in a trough of sand, the load being controlled by 
variation of the secondary voltage with tappings from a special 
type of transformer. 

A highly efficient type of furnace was developed during the war 
for the heat treatment of gun barrels, and has since been adapted 
to the motor industry. The heating unit comprises a ribbon of 
chrome-nickel alloy, which is supported by a cast-iron plate with 
an insulation of refractory material. The units used are of 400 kw. 
and take three-phase current at 440 volts. The temperature is 
controlled by an automatic cut-off arrangement. 

In the anneabng of glass, the electric furnace is rapidly sup- 
planting the fuel-firi' furnace, due to the accurate control of 
temperature, uniformity of the heat application, and the even 
distribution of heat. 

An illustrated description is given by E. Zculmann® of a number 
of applications ot electric heating, both for domestic and workshop 
purposes. These include water boilers, radiators of various types, 
and apphances for heating raw material in process of manufacture. 

The application of the electric furnace to vitreous enamelling is 
described by J. L. M. Yardlcy.® A description is given ol the 
technique and economics of the operation and the advantages 
gained by electrical heating. 

An account is given by E, W. Rwser'® of an electrical oven, » 
which has been installed for the baking of vitreous enamel as 
applied to iron and steel plates. The furnace consists of a lower 
and upper rectangular chamber, the side walls of each carrying 
refractory supporting bricks upon which nichrome ribbon is 
suspended and arranged in a recess in the side walls so as to avoid 
contact with the incoming work. The windings arc distributed in 
the side walls of both upper and lower chambers and in the front 
walls of the lower chamber in such a manner as to compensate for 
the extra heat loss from the charging doors and to cause a uniform 
distribution of heat throughout the working space. Additional 
nichrome wire is welded to the teriliinal strips of the windings, 
which then pass through a wall bushing and are secured ifl. place 
by a set screw in a collar washer. The products to be enamelled, 
are, during heating, supported on a projecting refractory Jedge 
which separates the lower and upper chambers. In order to 
diminish heat losses, air-cell insulating brick, 12 in. thick, is used 
to surround the heating chamber and 48 reinforced by an outside 
wall made up of a layer of red brick. The windings are connected 
in delta and supplied with current at 230 volts, 3-phase, 60-cycle, 
A Leeds-J^orthrup automatic temperature control device is 

» Z. Var, deuts. Ing., 1923, 67, 617. 

" Ckem. and Met. Eng,, 1923, 29, 66 ; Else, World, 1923, 82, 327. 

Foundry, 1923, 51, 632. 
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employed. The e.m.f. from a thermo-couple ^ mounted in the 
fmmace causes an unbalanced condition in the galvanometer 
eyitem proportional to the temperature, and by means of a relay, 
controls are actuated which raise or lower the voltage applied to 
the furnace. At the temperatures employed, varying from 650® 
to 870° C. according to the class of work, the temperature can be 
controlled to within 3®. The power consumption, when employing 
a temperature of 870®, is 1 kw.-hr. for each 6-7 lb. of metal. The 
capacities of the furnaces now in operation range from 60 to 05 kw. 

A general discussion is given by F. W. Brooke of the design of 
various electric furnaces, such as the special box type, the car 
type^^ the recuperative and continuous furnaces, and their advan- 
tages and disadvantages are referred to. In the car type, con- 
veyors with the substances to be heated pass through the furnaces. 
The continuous systems described arc of the “ push,” “ gravity 
roll,” and “ walking beam ” types. Attention is drawn to the 
method of handling materials for these furnaces so that a uniform 
temperature may be maintained. 

Laboratory and Small Furyiaces. 

The different types of electric furnaces which have been de- 
veloped arc reviewed by C. R. Darling,^® who gives an outline of 
the economics and general advantages attending their use in 
comparison with fuel-heated processes. The types of furnaces 
which are described include the wire-wound furnace which was 
devised by Heraeus in 1902, the later type in w’hich the platinum 
originally used is substituted by nickel-chromium alloys, and 
the various forms of muffle furnaces of which units with tubes 
5 ft. long and 1 ft. diameter are now in common use. In a usual 
pattern containing tubes 1 ft. long and 2 in. diam., the power 
required to maintain a temperature of 1000® C. is 0-5 kw. for a 
single- tube furnace, and 1*2 kw. for one in which four tubes are 
worked simultaneously. In *the laboratory this type of furnace 
is usei for experimental work on the heat-treatment of metals, 
for incinerations and chemical combustions, standardising pyro- 
meteiic,-and as a substitute for gas-heating for many other purposes. 
In the workshop, they are found of great service in hardening and 
„ tempering miscellaneous carbon-steel articles. A double muffle 
furnace designed by the Ifeeds Construction Company consumes 
5 kw., is of a rotational type, and is employed for the continuous 
heating of rivets. The Wild- Barfield furnace is employed for the 
hardening of steel and has a capacity up to 100 lb. of steel per hour; 
It is provided with an automatic temperature control by means 

'' Trans. Ainer. Ekclrochem. 6’oc., 1923, 88» 149. 

" “ J. Boy. Soc. Arts, 1923, 71, 324. 
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of a loop of silvei* wire, through which the current passes and melts 
when a temperature of 961° C. is reached, thus breaking the 
circuit. 

For higher temperatures such as 1800° C. which are needed in 
the annealing of tungsten, furnaces wound with tungsten and 
molybdenum have been applied and heating is conducted in an 
atmosphere of hydrogen. For still higher temperatures, such as 
2000°-2500° C., which are en ployed in the standardising of optical 
P3n:ometers, various types of carbon tube furnaces which have 
been applied are described, including the type utilising the contact 
resistance between a . . imber of separate graphite or carbon rings, 
that using a carbon strip in the form of a spiral cut from a graphite 
tube, and the various forms of granular carbon resistance furnaces. 
A later form of furnace due to Hancock consists of a number of 
carbon rods in series, running along the ou.side of the refractory 
chamber, and forming a kind of cage around it. The ends of the 
separate rods are connected by graphite strips, and both are pre- 
served from oxidation by covering with a carbon composition, 
highly compressing and baking at a high temperature. 

In describing appliances used in conjunction with resistance 
furnaces, reference is made to automatic cut-outs and temperature 
indicators which are actuated by the magnetic properties of the 
steel under treatment, by utilising the effect of demagnetisation 
occurring at a definite temperature. Types described are the 
Bastian, the Wild-Barfield, and the Stopford-Darling. 

An internally wound electric furnace is described by H. 
Forestier,^^ and is made up as follows :“About 4 m. of nichrome 
wire is wound on a metal tube 3-4 cm. diameter, and the coil is 
covered with a layer of alundum cement, 1-2 mm. thick. This 
is dried, the tube is placed in the axis of an asbestos mould about 
10-12 cm. diam., and the annular space filled with quick-setting 
cement. The whole is then surrounded with a layer of about 
3-4 cm. of asbestos wool, the metal ttube is withdrawn, and the 
furnace is ready for use. The furnace described may be heated to 
1000° C. in 30 mins., and cools to 100° C. in IJ hr. The^ower 
consumption under these conditions is about 0*5 kw., or 4*5 amp. 
at 110 volts. * 


Theoretical. 

In a discussion of the theory of high-frequency induction furnaces 
by G. Ribaud,^* consideration is given to the relation between 
frequency of current, resistance of the bath, and the nature of the 
charge. ll is concluded that the energy expended in the body is 
proportional to the square of the effective intensity, to the diameter 

“ Bull Soc. CMm., 1923, 33, 999 ; J., 1923, 894a. 
de Phyeigm et de Radium, 1923, 4 , 185. 
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of the charge in the furnace, and to the square ro6ts of the specific 
resistance and of the frequency. The state of division of the 
substance is important, and for each substance there is an optimum 
degree of fineness. For bodies of low conductivity the output of 
the furnace passes through a maximum for a specific resistance 
depending on the frequency. 

An investigation of the progressive changes which are observed 
with various types of arcs formed witii increasing currents is pub- 
lished by P. A. Bassett.i^ Carbon arcs and ordinary flame arcs 
are found to change their behaviour fundamentally with large 
currents. The tendency to produce two arc flames, a positive and 
a negative, is present in an obscure form in practically all arcs. 
In the high-intensity arc this phenomenon has been enhanced to a 
point where the two flames are separate and distinct, and each 
flame performs a separate function. The effect is caused by the 
repulsion of the main arc from the end of the negative pole. The 
high intrinsic brilliancy obtainable with this type of arc and its 
application to searchlights are discussed. In the case of cored 
electrodes, an investigation is made of the zone in which carbides 
are formed and the part played by them in the brilliancy produced. 

The relation between current, voltage, and the length of carbon 
arcs is discussed by A. H. R. Westman.'® Formula connecting 
current, voltage, and arc length, which have been derived pre- 
viously by Mrs. Ayrton and by Steinmetz, were based on measure- 
ments of current amounting to about 80 amps. The present work 
gives the results of measurements made with currents up to 770 
amps. The conditions ha>e been found under which a steady arc 
can be maintained between carbon electrodes with currents of 300 
to 400 amps., and a fairly steady arc with currents up to 800 amps. 
Humming, swinging, and groaning arcs have been described, with a 
way to avoid hem. It is found that an arc can be maintained 
easily with a potential as low as 20 volts. For currents between 
300 and 400 amps., and potential differences across the arc of 55 
to 20.,volts, the potential in volts is approximately equal to the 
distance between the electrodes in mm., while for currents of 700 
amp^. or so, the voltage is less than the distance. The formul© 
proposed by Mrs. Ayrton and by Steinmetz for low currents are 
found to be not in agreement with the experimental results for 
high currents. 

In a continuation of this investigation by A. E. R. Westman 
and W. J. Clapson,'*^ measurements were made with currents from 
120 amps, to 700 amps, and voltages from 15 to 60, and ai technique 
is developed for determining more accurately the relation between 

Trans. Amer. Elcctrochem. Soc., 1923, 319 {A(hance Copy). 

“Ifetd.. 1923, 48, 171. 

Ibid., 1923, 87 {Advance Copy). 
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current, voltage, ,aiid. tlie length of carbon, arcs. These results 
lead to the conclusion that e ^ O-OOL, where c is the voltage across 
the arc, and L the length in mm. from the tip of.the cathode to the 
bottom of the anode crater. 

Calculations on current conductors in electric furnaces are made 
by A, Pasquier.^** An estimate is made of the distribution of heat 
along the carbon electrodes by taking into account the Joule heat 
developed by the passage of the current, the conduction from the 
heated furnace and the radiation losses. Formulae are derived 
which permit the calculation of the optimum length, breadth, and 
shape of electrodes fo" given current and furnace temperature. 

Eleoteodes and Refraotokie.s. 

Data arc given by F. GalF® relating to the conductivity and 
other pro])erties ot carbon and graphite, followed by a general 
account of the processes of manufacture of electrodes. 

Information is given by R. 0. Gosrow*^® on the selection of 
materials for the refractory linings of electric finnaces, and on the 
methods to be employed in the setting of bricks, A classification 
is made of the refractory materials, according to whether these 
are acid, neutral, or basic, and the form in which these can be 
obtained, whether as brick or powder. Formulae for the refractory 
surface coating of walls are given. The selection of materials for 
roof construction is considered. 

Calcium Carbidjs Manufacture. 

In an account which has been published of the developments of 
the calcium carbide industry^ a description is given of the nature 
of the chemical reactions which take place and the effect of difl[erent 
impurities. With reference to the electrical features, the large 
Continental and American furnaces are of the double three-phase 
alternating current type and have a rated capacity up to 10,000 h.p., 
the energy consumption being 1 h.p.-yr. per ton of carbide produced. 
Modern furnaces are mostly of the tapping variety, the omrbide 
being allowed to run from the furnace in the molten state. These 
furnaces may be divided into two types, those with two or fnore 
electrodes admitted through the roof and those with one electrode 
or more through the roof and one electrode at the base. The former 
type involves the higher electrode consumption but Jbhe latter type 
involves structural difficulties and has other disadvantages. The 
introduction of polyphase current for the operation of electric 
• 
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‘ ftttnaces has effected a marked improvement in efficiency as well as 
an increase in capacity. In some of the modern American furnaces, 
triple three-phase systems are now employed with nine electrodes, 
the total power consumption being about 15,000 h.p., and the 
output 160 tons of calcium carbide in 24 hours. These furnaces 
are covered in, so that the carbon monoxide evolved can be collected 
and utilised and the thermal losses arc considerably lessened. 
Consequent on the introduction of massive transformers, there is 
now a tendency to build furnaces of 'a much larger capacity. The 
introduction of multi-phase current has also given much assistance 
in the distribution of the load in generating stations. 

Iron and Steel Production. 

Electrothermic Smelting of Iron Ores. 

Data are given by C. de Coussergues^on the number of electric 
furnaces in operation in different countries — of which Sweden 
occupies the first place — ^for the production of pig-iron. The 
furnaces employed are all of the vertical shaft or blast-furnace type, 
and, in nearly all cases, use wood charcoal as the reducing agent 
for the iron ore. Under normal conditions the electric smelting 
furnace can only compete with the blast furnace for pig-iron 
production in countries where water powTr is very cheap or where 
coke* is very dear. Under special conditions, however, electric 
furnaces may be employed for the production of special forms of 
pig-iron. In France, for instance, ferro-silicon and pig-iron are 
being prepared in this manner for the production of malleable 
castings, and in America there is an installation of an electric 
cupola furnace operated ni conjunction with an electric refining 
furnace. 

An account is given by L. Lycke^^of experiments which have 
been carried out over a period of 44 months on a new type of 
electric pig-iron furnace with two shafts. The production of cast- 
iron in such a furnace demands that the three following conditions 
be fulfilled : high temperature, excess of fuel, and long working 
period. In general the simultaneous attainment of these three 
conditions is not easy, so that the successful production of cast 
iron^n the electric furnace is difficult. Result s are given comparing 
the type of furnace used with other types of electric furnaces, and 
the heat balance of the furnace over a working period is discussed. 

An account is given by*C. E. Williams, C. E. Sims, and C. A. 

I^J'iTewhall^* of an electric furnace process for detinning and the 
production of synthetic grey iron from tin-plate scrap. Experi- 
ments .were conducted in a small electiic furnace in which tin-plate 

^ Bull. Soc. Ing. Civ. France, 1923, 76 , 643. 

^ Stahl u. Eiaen, 1923, 43 , 110; J., 1923, 466a. 

** Trans. Amer. ElectrocJiem. Soc.t 1923 , 48 , 192 ; J., 1233 , 603 a . 
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scrap was melted with various addition agents in attempts t0 
remove the tin from the iron. Sodium chloride, iron sulphide^ 
and an oxidising slag were used under various conditions. It is 
impossible to remove most of the tin in tin-plate scrap or similar 
material by any of the electric furnace melting processes tried ; 
moreover it is impracticable to attempt any detinning by these 
means. No tin is volatilised ordinarily when cast iron containing 
it is melted in the electric furnace. The amount of tin volatilised 
during melting in the cupola may be as much as 60% in some cases, 
whereas in others it may be practically nil, depending upon the 
amount of surface of ' utallic tin exposed, and the oxidising con- 
dition of the blast, l^ead can be removed completely from Ju’on 
coated with lead and, likewise, zinc can be largely removed from 
galvanised scrap oy melting in the electric furnace. A tin content 
of 1% or less dors not seriously affect the physical properties of 
cast iron. It is recommended that tin-plate scrap and used tin 
cans, which cannot profitably be treated by any of the established 
detinning processes, may be treated in the electric furnace to 
produce synthetic cast-iron, using low-grade, tin-free scrap for 
dilution to reduce the tin content of the product to within safe 
limits. 

Electric Steel Furnaces. 

A review of the recent progress made in the manufacture of 
steel in the electric furnace is given by C. de Coussergues.^® The 
different systems employed are described and a discussion given 
of the factors which determine the output for a given power expen- 
diture and of the direction in which improvements are to be looked 
for in future designs of furnaces. The three classes of furnaces 
now in use are : (1) the resistance type in the form of induction 
furnaces, (2) the open arc type, and (3) the arc-on-metal type. The 
induction type possesses certain advantages for special classes of 
work but for the high temperatures required in the treatment of 
iron a sufficiently robust type for larg5 output does not appear to 
have been developed. Open arc furnaces have developed ij^ the 
direction of small installations. The majority of furnaces in use 
for steel production are of the arc-on-metal type. With indu<Nbi(m 
furnaces, the disadvantages which are most apparent with smdl 
units are low efficiency through heat losses and the “ pinch ” effect 
which prevents the attainment of a high* temperature. With large 
units, on the other hand, the serious reactance involves the use of 
very low periodicities in order to obtain a reasonable power factor^ 
A periodicity as low as 5 is, for instance, necessary with a furnace of 
8 to 10 tons capacity. A further disadvantage is that the slag is 
not heated except by contact with the metal and is thus less 

Soc, Ing. Otv, France, 1923, 76, 423. 
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reactive. Induction furnaces are only really pr/icticable for hard 
and special steels and have only developed to any extent in Norway 
and Germany. In" the oi)en arc type, the arc is formed between 
two or three electrodes above and in close proximity to the surface 
of the bath. With small units a voltage as high as 150 may bo 
used. The main disadvantages are the fact that the heat k not 
produced in contact with the bath and a large proportion is radiated 
on to the w^alls and roof of the fui‘nac(‘. 

In the arc-on-metal type, an arc is maintained between the 
electrode and the surface of the bath. This system is the one 
most generally in use with steel furnaces and is employed with 
single-, two-, or three-phase current. In nearly all cases the use 
of multiple electrodes is preferred. With two-phase furnaces, 
two suspended electrodes are generally employed, while the common 
return is in some types connecited to the metal of the bath and in 
others to a conducting hearth under the bath. By means of Scott 
connexions, current is taken from a three-phase supply. 

In order to employ the highest practicable voltage, the length 
of the arc must be extended as far as possible, but, at the same 
time, this must remain wholly within the slag or excessive radiation 
of heat to the roof occurs. In the present practice, a voltage of 
between 45 and 55 between the end of each electrode and the 
surface of the bath is employed and fhe roof is raised one metre 
above the level of the bath. With small furnaces the roof is some- 
what lower and the electrode voltage lower by 5 to 10 volts. In 
the latest installations in France and America use is made of a 
system of variable voltage whereby a potential of 120 volts is 
employed during the fusion and later lowered to 80 volts, while for 
the final stages this is further reduced to 50— 60 volts. 

The chief representative of the three-phase type of furnace is 
that of Hcroult. The main directions in which improvements 
have been made in the original type are, apart from the size, in the 
shape and structure of the ^ath and in the reduced clearance and 
impjjpved arrangement in the passage of the electrodes through 
the roof of the bath, thus ensuring better sealing, and in the higher 
vol^ges applied. The power consumption for a given output of 
steel varies largely with the nature of the charge and the type of 
steel to be produced. For a 1% carbon steel from mill turnings, 
389 kw.-hr. per ton may be taken as,an average value, while for an 
extra soft ste'el from 90% turnings, 1067 kw.-hr., measured at the 
furnace terminals, may be allowed for. The two main factors 
which limit the efficiency of furnaces consist of heat and electrical 
losses. The heat loss involves the consideration o! insulating 
materials. With the electrical loss, the reactance is not serious as 
a power factor of 90% is often obtained. The most serious loss 
arises from bad contacts or by the inductance of metallic masses 
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close to the circuit.* This effect is accentuated by the low voltage 
at which the current is employed. 

An historical account of the development of th*e Heroult furnace 
and its distribution throughout the world is given by J. Suhr.^® 
The conditions affecting the development of electric steel manu- 
facture in France are described. In comparing the conditions in 
France with those in America, the view is put forward that the 
reason why the electric furnacf has not been as generally adopted 
for steel manufacture in France as in America is largely due to the 
fact that French metallurgical workers possess so much experience 
and skill that they Cri.. produce, by the ordinary processes of 
manufacture, steel Quite equal in quality to electric steel. -In 
America, owing to lack of proper training, the steel workers can 
only produce steel of this quality by exceptional means, such as 
electrical heating. 

In future applications of the electric furnace in steel manu- 
facture, it is considered that the highest economy and efficiency 
will be obtained by utilising it solely for the refining and finishing 
operation in association with the basic process. Units of 30 to 
35 tons consuming 2500 to 3000 kw. are preferable on account of 
their adaptability. The quality of steel is discussed and notes are 
given on practical points bearing on the processes of desulphuri- 
sation, dephosphorisation, and deoxidation. Data are given on 
power consumption required for different types of steel, together 
with dimensions and electrode current density. 

A series of tests has been conducted with a standard 6-ton 
counterweight type of Heroult furnace at -the Halcomb Steel Co.*’ 
The tests were designed to obtain accurate data on the heat losses 
in furnaces, operating data on electrodes, the merits of dual voltages, 
the effect of high voltages for melting purposes, and electric fuma.ee 
phenomena. The furnace used was supplied by three 500 kv.-a. 
transformers arranged with star connexions on the high-tension 
side to give 70 volts on the secondary. 9?he inherent reactance was 
5% and, in addition, three 25- kv.-a. external 3% reactors were 
used on the incoming lines, with switching arrangements for cutting 
them in or out as desired. The maximum unbalancing of pl^e 
found on an individual furnace amounted to 340 kw. or 21% of the 
connected load. During the melting period the greatest value of 
current obtained was M tijnes normal. With the electrodes 
submerged in the bath the greatest short-circuit •current was 
3*66 times normal. High-frequency waves of the order of 
5000 cycles ^are set up by the arcs in the furnaces as shown by 
oscillograms. External reactance in the furrace line will reduce 
the power factor and the amplitude of load peaks of swings. During 

*• Bull. Soc. Ing. Civ, France, 1933, 76, 593. 

« E. T. Moore, Elec. World, 1923, 82 , 098. 
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the melting period the power factor averages 90%, during the 
refining period it averages 88%, and for the entire heat the average 
power factor is 89%. Furnace transformers should be built with 
6% inherent reactance and variable- tap external reactors are 
advisable, particularly on 25-cycle circuits. 

It is advisable to employ at least 27 in. clearance from the 
refractories for all the electrodes in this type of furnace and to 
increase the capacity of the transfo^-mers to 2000 kw.;the limits of 
dimensions for a single unit when melting and employing one set 
pf electrodes and 25-cycle current, is considered to be of 25 tons 
capacity with a power consumption of 4500 kv.-a. For hot-metal 
working a 40-ton furnace with 3300 kv.-a. capacity and 24 in. 
electrodes is very satisfactory. For melting furnaces using one 
set of electrodes on 60-cycle circuits 15 tons is the maximum size 
recommended, but 40-ton furnaces may safely be used for hot 
metal work. With regard to the relative merits of 25 cycles and 
60 cycles for furnace work, more reactance must be used on 
25 cycles, but more energy may be admitted to the furnace. Arcs 
on 60 cycles have a greater tendency to persist than arcs on 25 cycles. 
Short circuits in furnaces do not generally occur across all phases 
at once. The unbalancing effect will not cause any disturbance to 
a power system of adequate capacity. Results are given of 
detailed measurements and chemical analyses during the preparation 
of alloy steels. 

The Chaplet process for the direct production of steel from iron 
; ore is described by the inventor.^® In this furnace, a conducting 
hearth is used and a vertically-suspended electrode. Experiments 
at Giffre with a furnace of 150 kw. have shown that molten steel 
can be obtained in this type of furnace with a facility equal to 
or even greater than cast iron. The steel produced by this process 
is said to possess characteristic properties, in that a steel with 
0*2% carbon is as soft and malleable as ordinary steel with 0-08% C. 
By carefully protecting the metal from contact with air a steel 
has been produced with 2% carbon which could be hammered cold 
in i^^ite of its hardness. 

A further description of the Chaplet furnace is given by 
W. "Mason.*® The current supplying the arc enters by one or more 
vertical electrodes through apertures in a domed roof and leaves 
through a base electrode which is embedded in the hearth of the 
furnace. Slag is first charged into tke furnace, then the ore to be 
reduced mixed with carbon in suitable proportions. The reduction 
begins under the action of the arc and the reduced metal filters 
through the slag and collects on the bottom. In experiments with 
4 this furnace in which more than 15 tons of metal was produced, the 

« Bull Soc. Ing, Civ. France, 1923 , 76 , 606 . 

** Flee. Rev. {London), 1923 , 98 , 190 . 
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charge was a mixti^re of haematite ore and dried powdered charcoal. 
For the production of soft iron, a power consumption of 3430 kw.-hr. 
was required per ton with a furnace of 120 kw/ and 2600 kw.-hr. 
with a furnace of 200 kw. The consumption of electrodes amounts 
to 55 — 57 lb. per ton of soft steel. 

An account of the procedure followed in the manufacture of steel 
from scrap by acid operation is given by J. M. Quinn.®® The con- 
trolling factor in the operation of the acid process seems to be the 
quantity of iron oxide present at the time the charge is melted, 
whether present with the scrap as rust or whether it results from 
oxidation due to air ler> ^ in the furnace, or from the addition of 
iron ore. The main diuerence between acid and basic steel is 
determined by the free or nascent silicon, which is displaced from 
silica by carbon at high temperatures and exerts an effective 
deoxidising action on the steel, increasing its solidity and freedom 
from blow-holes. Forro-manganese is not so effective as silicon. 
Aluminium is the most powerful deoxidiser and is used in special 
cases, the alumina formed combining with the slag. Other reducing 
agents used are titanium and calcium. 

In an article by AllameP^ on the position with electric furnaces 
in Sweden, it is pointed out that in that country the type of furnace 
most generally used is the Rennerfelt, in which the arc is magnetically 
deflected downwards on to the surface of the bath. A movement 
of the metal away from the arc is avoided, a condition which 
facilitates the disengagement of gases from the metal. 

Induction Furnace. 

• 

A description is given by 0. von Keil and W. Rohland®® of 
measurements which have been made with a Rochling-Rodenhauser 
furnace to enable a complete estimate to be made of the disposal of 
materials and the heat and electrical input. The furnace employed 
was of the double-ring type employing two induction cores. Two- 
phase current was applied from a three-phase circuit by means of 
Scott connexions, the current consumed in the primary of Jhe 
furnace amounting to 150-200 amps, at a voltage of 2000 and 
periodicity of 16*6 cycles. The capacity of the furnace was 
8-12 tons of metal. Temperature measurements were made oy 
means of pyrometers and heat conductivity and radiation losses 
were estimated separately. For this purpose measurements were 
made of the temperature and volume of air circulating around the 
furnace. Molten steel was admitted to the furnace and the usual 
refining treatment applied, including removal of phosphorus and 
sulphur, addition of alloys, and adjustment of the carbon. T?he 

wjfon Age, 1923, 111, 1177. 

, , Bull. 8oc. Ing. Civ. France, 1923 , 76 , 620 . 
u^Eiem, 1923 , 48 . 1095 . 
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power expenditure was measured and ’complete analysis of the 
furnace contents, i.e., steel, siag, and furnace gases, was undertaken 
at intervals. A .satisfactory balance was obtained in accounting 
for the materials with the exception of lime and alumina, with 
which discrepancies in the weights of added and recovered materials 
could not be accounted for. The different sources of heat lo^s were 
determined. A total thermal efficiency of 62% was obtained, and 
it is considered that this value could be increased by improving the 
insulation of the roof by adding loose magnesia as a cover. The 
electrical efficiency amounted to 60%, the chief source of loss being 
the transformer loss, on account of the low power factor of the 
furnace, the value of cos being as low as 0-35. By the more 
suitable arrangement of the copper winding of the transformer, it 
is considered that the electrical efficiency could be increased to 
66 %. 

Ferho- Alloys. 

An account of improvements in ferro-alloy electric furnaces of 
high pow’er input is given by B. D. Saklatwalla and A. W. Anderson.®^ 
Furnaces for this purpose are at present in operation in units of 
12,000 kv.-a. capacity. In earlier types it was considered essential 
to the control of the arc, the bath resistance, and the spacing of the 
electrodes to avoid too high voltages, and a range of from 40 to 
80 volts was generally employed. With the introduction of OO-cycle 
current, a limit of 3000 kv.-a. capacity was ior some time imposed 
on account of impedance and the serious resistance introduced by 
skin effect. The results are given of measurements made on the 
ratio of a.c. to d.c. resis^tance with leads of different types taking a 
current of 800 amps, per sq. in. of copper. The reactance voltage 
drop for all of the systems was then calculated for varying power 
factors. The results are summarised as follows : (1) The larger the 
cross-section of the conductor, the larger the skin effect. This 
effect is appreciable at frequencies of 60 cycles for conductors 
greater than | in. diameter. (2) Skin effect is higher in strips than 
in tubes of equi-sectional area with consequent higher power loss. 
(3^ Distribution of the current over the sectional area of a con- 
dpetor is not affected by the inductive disposition of the conductor, 
since the internal inductance is unaffected by the mutual induct- 
ances. (4) Inductive reactance may cause considerable voltage 
drop in the electrode leads. ( 5 ) The larger the diameter of the 
conductors 'the less the inductance. (6) The farther apart the 
conductors the larger the inductance. (7) When inductive reactance 
expressed as per cent, reactance drop amounts to 20% or more, the 
acthal volts drop in the line increases rapidly with decreased power 
factor. A description is given of a system of interlaced copper 

3®t7. /hnfr. Just. Eke. Eng., 1923, 42, 775. 
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tube which is employed with delta-connexions with a furnace of 
4000 kv.-a. capacity running at 220 volts. By this arrangement 
slight unbalancing of phases does not materially affect the power 
factor. Heavy unbalancing, however, sets up impedances at which 
the power factor falls and leads to a drop in the voltage at the 
furniiRje due to reactive inductance, to a greater extent than in the 
ease of interlaced strips. A better protection for sudden overloads 
is thus ])rovided. 

An automatic control is described which maintains a balance on 
each of tlui electrodes by means of true watt regulation. Factors 
ill the design and con.' * action of an electric furnace are discussed, 
which enable a power factor of 99% to be obtained. A new t^pe 
of electrode holder is described, which enables an electrode to be 
changed in one to two minutes. 


Ferro- Vanadium. 

A descri])llon is given by E. K. Scott,'*'* of an electric furnace, 
which has been designed by B. 1). Saklatwalla and A. N, Anderson 
on the lines described above for the preparation of ferro- vanadium. 
The input is 4000 kw. three-phase at 220 volts, 60 cycles. The 
furnace is built of cast-iron segments bolted together, measuring 
16ft. 4 in. long, 12ft. Sin. wide, and 7 ft. 10 in. high. The total 
weight with roof and electrodes is about 80 tons, and the furnace 
is mounted on rollers so aiTanged that, when it needs re-lining, it 
can be rolled away and replaced, a change of furnace being effected 
in two hours. Two tap hoI(*s are provided in the side, one for 
metal and the other for slag. Round tKe sides next to the Iron 
there is a layer of fire bricks, inside which is a mass of tamped 
graphite. The hearth is made of blocks of electrode carbon. In 
the bottom there are two layers of flint and firebrick, then a thick 
layer of crushed magnesite, over which graphite is tamped, and 
finally slabs of carbon. The roof is arched with firebricks set in 
sections between rectangular pipes, through which cooling water 
circulates. The electrodes are of graphite, which is chosen! in 
preference to amorphous carbon because of the high current density, 
namely, 100 amp. per sq. in. The diameter is 12 in., which isHhe 
largest commercially available.* Before being taken to the furnace 
each electrode has a copper ring wedged on to it by bronze wedges, 
and the outside of the ring is tapered to suit the insid^of the holder 
over the furnace. On lowering into the holder, the electrode ring 
makes a friction contact by its own weight. This arrangement 
obviates thi necessity of conducting any work above the furnace 
roof. The regulating mechanism by which the electrodes are 
moved is usually sensitive. The mechanism comprises a watt 

** Engineer, 1923 , 136s 036 . 
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balance of the Kelvin type, which actuates a contact maker and by 
means of a special mechanism maintains a phase balance. The 
conductors which carry current to the electrodes consist of copper 
tubes which extend through the furnace walls between the trans- 
former house and the furnace room. Flexible cables lead the 
current from these tubes to popper tubes, which are connected to 
the electrode holders and carry cooling water. The electrical 
phenomenon known as “ skin effect,”4s an important consideration 
when deciding upon the section and arrangements for conductors 
of currents amounting to 10,000 to 12,000 amps, per phase, especially 
when at frequencies as high as 60 cycles per second. The con- 
ductors are of such a thickness that the current density is about 
800 amps, per sq. in. when carrying 12,000 amps, per phase. The 
tubes are spaced at 7 in. centres and the tubes of each phase are 
interlaced with those of the other phases ; the flexibles are also 
interlaced. It is arranged that when the furnace is working 
normally with nearly unity power factor and the phases in balance, 
the reactance voltage drop is very low. At the same time, if there 
should be sudden overload, as in the case of a short circuit and 
unbalancing of phases, then the power factor drops automatically 
and the reactance voltage is so increased as to protect the plant 
automatically. A usual furnace charge consists of Peruvian ore, 
slag from previous runs, carbon, and certain fluxes. All the 
materials are ground to a fine powder and thoroughly mixed 
together, and the mixture is fed into the furnace by screw conveyors, 
and falls through openings in the roof between the electrodes and is 
fed in continuously. Th^ gases from the furnace are carried off by 
two ducts, which lead from the top of the furnace to a high chimney. 
The ferro- vanadium produced contains 35% to 50% of vanadium 
and is largely used for making tool steel and for the steel framing 
of motor cars and trucks. 

Fmo-Tungsten. 

A; 5 ^ account is given by K. P. Grigorovitch®® of experiments on 
the manufacture of ferro-tungsten from Japanese scheelite. 

' Electbic Fobnaces fob Non-Febbous Metals. 

Electric Brass Furnace Practice. 

An exhaustive Report is publishei by H. W. Gillett and E. L. 

■ Mack,®** on the use of electric furnaces in non-ferrous metallurgy. 
!The publication embodies the results of experiments on these 
types' of furnaces conducted by the Bureau of Mines* at Cornell 
.yniversity, Ithaca, and also the results of trials made in coUa- 

«/?w. M6t„ 1923, 20, 183; J., 1923, 468a. 

** U.S. Burmin of Mines BuU. No, 202, 1922| 334 pp. 
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boration with indijstrial firms, and discusses generally the position 
with industrial applications of these furnaces. The scope of the 
enquiry is classified under three headings : (1) Collection of data, 
for comparison, on the performance of fuel-fired brass furnaces ; 
(2) experimental work to show whether zinc losses could be reduced 
by electric melting, without regard to the question of whether or 
not the type of furnace used was likely to be useful commercially, 
and (3) attempts to find out, through laboratory tests, inspection of 
commercial furnaces, attendance at commercial tests, and collection 
of data, what different types of electric furnaces have done or may 
be expected to do uo'^’ t various conditions. Not less than 80 
different types or differejit makes of the same type of furnaces have 
been used, tried, or suggested for melting copper, brass or bronze^ 
aluminium, or nickel alloys. 

The general conclusion arrived at is that electric melting 
gives the advantages expected and usually provides the best 
and cheapest way to melt brass and many other non-ferrous 
alloys. It is considered to be only a matter of a few years 
before fuel-heated furnaees are largely supplanted by electric 
furnaces for these purposes and electric furnaces will become the 
standard type for brass melting. The main advantage which is 
gained by the adoption of electric brass melting is the avoidance of 
the loss of zinc, which results from volatilisation and oxidation in 
the case of fuel-heated furnaces. This result is due to the better 
exclusion of air and furnace gases in the electric furnaces, whereby 
contamination by sulphur is also avoided. Electric furnaces enable 
the use of larger units than can bo employed satisfactorily with 
the fuel-heated type. This results in greater uniformity of product, 
lower labour cost and increased production. Further on account of 
the cooler and cleaner working conditions, the elimination of much 
hard manual labour, and the avoidance of zinc fume, the electric 
furnace leads to an improvement in the comfort, health, and safety 
of the workmen. 

The work of the Bureau also included the laboratory develop- 
ment and semi-commercial testing of the Rocking type of fusnace 
which has been brought into commercial use by the Detroit Electric 
Furnace Co. * 

A further account of the operation of the new type of induction 
furnace developed by the General Electric Co. is given by J. G. 
Crawford.®’ In this design, the meltmg* chamber at the top of the 
furnace resembles an ordinary crucible undemeatli which, and, 
communicating with it through ports, is another receptacle in the 
form of a hollow drum with its axis horizontal . The lower chfimber 
encloses a primary winding, an annulus of the molten metal which 
I the seconds^ of the transformer and conneotB with the metftl 

** Mkct, WMt 1923 , 81^, 5BG ; also Amer. Machmish 1923 , 69, 159 . 
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above, and one arm of a laminated core which jesses through the 
hollow centre of the chamber. When molten, a circulation of the 
metal takes place 'between the melting chamber and the heating 
chamber by the magnet' c force of repulsion, which exists between 
primary and secondary in the transformer. An axial displacement 
or tilt of the primary relatively to the secondary causes the 'fluid 
pressure due to this force to be greater at one end of the secondary 
cylinder than at the other. Furnaces consuming 75 kw. have been 
employed for the melting of brass anil copper, the holding capacity 
being 1200 lb. and pouring capacity 750 lb., representing a power 
consumption, when in continuous operation, not exceeding 
220,kw.-hr. per ton. 

, In the Ryan electric furnace®® which has so far been constructed 
in units of a holding capacity of 125 lb. of metal, the heat is developed 
by the passage of a regulated current through a stationary graphite 
electrode. Temperatures up to 2250° C. are obtained and, in dis- 
tinction from the arc furnace, an equal dift'usion of heat over the 
whole bath results and superheating is avoided. This feature is of 
particular advantage in dealing with rare alloys by avoiding 
oxidation. The furnace is specially adapted for the melting of 
refractory metals and alloys, such as chromium-nickel- vanadium, 
and chromium-nickel-tungsten. It is not considered that units of 
over 500 lb. capacity will become practicable owing to restriction in 
the size and length of the electrodes and their disposition throughout 
the furnace. The contacts at the end of the electrodes are cooled 
by water jackets and attached to bus bars leading to the transformer 
set placed immediately behind the furnace. The transformers are 
provided with tapped windings, which arc connected with a radial- 
type switch ; this enables a wide range of temperature control to 
be secured. The furnace is lined with standard magnesite brick, 
both in roof and hearth, and is either stationary or of the tilting 
type furnished with a pouring spout. Provision is made, by 
mounting units of the furnace on trucks, to disconnect one unit and 
connect a second one within an interval of 5 mins. It is claimed 
that* the consumption of electrodes and power is no higher than 
that which exists in the best electric melting practice. 

In an induction furnace developed by the Compagnie Frangaise 
de Metaux®® the design is adapted for use with three-phase current 
and the surface of the metal in contact with the air is reduced to 
the greatest possible extent. Three ’magnetic poles are fitted and 
auiTounded by the primary windings while the secondary of the 
system consists of two concentric rings or channels of rectangular 
section composed of the molten metal under treatment. The 
exterior channel communicates at one extremity with the pouring 

** Chem. and Met. Eng., 1923 , 28, 1035 . 

** Le Q^ie Civil, 1923 , 82, 207 , 
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spout, while the^ channel is fed at a point diaanetrically opposite 
with the molten metal to be refined. The interior ring connects 
with the exterior channel, near both the charging and discharging 
points. The furnace is mounted on a tilting mechanism. 

A description is given by A. P. Child^*^ of a 60-kw. brass melting 
furnace of 200 lb. capacity which was designed and is operated at 
the University of Wisconsin. The furnace is in the form of a cylin- 
drical drum mounted on runners with axial electrodes and is rocked 
by a reciprocating mechanism. The speed of working is about one 
cycle per minute. The shell of the furnace is constructed of sheet- 
irt)n and is 28 in V- ; with a diameter of 30 in. The lining is 
constructed from fire-sand. Bata are given on temperature^, out- 
put, power consumption, and thermal losses and efficiency. 


Tin Recovery from Slayb. 

A description is given by K. Gottschalk and W. KroU^^ of 
experiments made on the reduction of tin from various tin smeltery 
slags in a 250-kw. electric arc furnace. The furnace was lined 
witli magnesite bricks and was operated at 120 volts. The power 
consumed was approximately 0-4 kw.-hr. per kg. of liquid slag and 
M kw.-hr. per kg. of solid slag. The charges consisted of mixtures 
of blast-furnace and reverberatory and refinery slags, flue dust, • 
coke, and lime. The product obtained consisted of tin “ hard 
head ” containing over 80% of the total tin and copper, together 
with much iron, some lead and antimony and traces of zinc. The 
metal was then treated in a converter and the final sla-g usually 
contained less than 04% of tin. 

Aluminium. 

An account of recent progress in the aluminium industry is given 
by Guerin, “^2 describes recent developments which have taken 

place in France, in which country a total power consumption of 
107,800 kw. is now employed for the production of alumijjium. 
An important factor which apphes is the difficulty of the supply of 
electrodes. It is necessary to import petroleum coke, and jesin 
and pitch which arc used for agglomerating the carbon have 
become more and more scarce since these products are employed in 
road construction. The electrodes must contain less than 1 % of 
ash and their quality depenSs not only on the purity of the raw 
materials, but also on the thorough removal of gas and on their 
baking, which is now brought about with good results by electric 
heating. 

Enq. and Mm. J., 192.3, 115, 278. 

" Metall u. Erz, 1923, 20, 229 ; J., 1923, 780a. 

« Le Qinic Civil, 1923, 82, 465. 

Ta 



202 EBPOikTB or THE pBOOBESS OF APPUED 0HBMI8TEY. 

The intensity of current in the cells has bee^n increased from 
8000 to 20,000 amps., which amounts to a current density of 70 to 
80 amps, per sq. foot, and the potential fall is from 7-8 volts per 
cell. It has been found that aluminium can be efficiently protected 
against corrosion by air by coating with a very thin layer of hydro- 
genated cottonseed oil. The local corrosions which are sometimes 
produced with aluminium seem to be rather due to traces of oxides 
or inclusions in the metal. The presence of aluminium carbide, 
which forms at comparatively low 'temperatures, is excluded by 
avoiding access of gases containing carbon from the metal when 
molten. Aluminium forms an alloy with iron which is deleterious 
whep present in appreciable amounts. The presence of silicon is 
useful as a constituent of some aluminium alloys, notably “ alpax.” 

Copper Refining and Extraction. 

Recent advances in the technique of the electro-metallurgy of 
copper are described by Altmayer^* as consisting mainly in improve- 
ments which have been made in the use of colloidal and other 
agents in the purification of the electrolyte and the complete 
extraction of the precious metals occurring in the anode slimes. An 
account is given of the general working of the refinery at Great 
Falls, which was brought into oi)eration in 1918. In this plant a 
metal is refined which already contains 99% of copper, together 
with 8*6 oz. of silver and 0-3 oz. of gold per ton. The anode slime 
remaining from the electrolysis contains, after drying, about 
440 kg. of silver and 3 kg. of gold per ton. The daily addition of 
gelatin for a section of *120 vats may amount to from 280 to 
840 grams. 

The purification of the main electrolyte is effected as follows : 
The solution is evaporated down to a density of 48° B. in a special 
reservoir through which steam-heated coils are passed. It is then 
led to crystallisation vats, where about 8% of the copper is deposited 
as sulphate crystals. The solution is then electrolysed in vats with 
insotjble anodes, whereby the residual copper is deposited together 
with arsenic, antimony, and bismuth. The impure electrolytic 
copper thus obtained is returned to the smelting furnaces and added 
to the copper to be treated at the converters, while the remaining 
solution is concentrated by boiling up to 56° B., and iron and nickel 
are extracted in the form* of salts. .The copper sulphate crystals 
are employed*for preparing fresh electrolyte. 

With regard to the direct extraction of copper from ores, two 
tyrpical examples are given. In one which is operated by the New 
Omelia Copper Company, the mineral treated consists of slightly 
baffle oxide and carbonate ores, contaming an average of 1*53% 

Butt. 8oe. Jng. Civ. France, 1923, 76, 508. 
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of copper. After leaching with sulphuric acid, th^ solution is treated 
in towers with sulphur dioxide, whereby ferric plphate is reduced 
to ferrous. The liquor is then electrolysed and made to paes 
through the same cycle of operations after adjustment of the acid j 
content. The efficiency of this process depends on regulating the 
content of ferric sulphate which, if too concentrated, leads to the 
destruction of the linings and lead pipes as well as of the cathodea. 

In a process employed by t?.e Chili Copper Co., minerals contain- 
ing an average of 2-1% of copper and almost entirely free from 
arsenic, antimony, and bismuth are treated. The ores are dis- 
solved in a solution oi "alphuric acid of 8-9% concentration. The 
solutions are electrolysed with anodes of ferro-silicon, which resist 
the attack of the residual chlorine. 

W. E. Hughes^^ gives an account of theoretical and practical 
aspects of the subject of the electro-deposition of copper. 

In the Mackay electrolytic process for copper ores,*® the sulphide 
ore is roasted in a specially designed furnace, which enables the 
temperature and air supply to be accurately regulated so that the 
copper remains combined as sulphate, while iron and other impurities 
are converted into basic insoluble salts. The roasted ore is leached 
with water or spent electrolyte from a previous electrolysis in order 
to dissolve the copper sulphate until the solution contains about 
3% of copper. After leaching, the neutral solution is separated by 
a filter press and the clear solution mixed with spent electrolyte so 
that the final solution contains about 2% of copper and from 1*5% 
to 2% of free acid. This is then electrolysed with a c.d. of about 
10 amps, per sq. foot of cathode area until about 50% of the cqpper 
in the electrolyte is deposited as metal and the equivalent of sul- 
phuric acid formed. In continuous operation the solution circulates 
in a closed circuit through the ore on the one side and electrolytic 
vats on the other until the copper is extracted from the ore and 
deposited on the cathodes, and the combined acid is regenerated as 
free acid in the solution. Small amounts of iron and aluminium 
salts which accumulate in the electrolyte are removed by means of 
a stream of air, whereby iron is oxidised to ferric salts and^pre- 
cipitated as oxide together with alumina. ^ 

A plant using this process has been designed for construction in 
Australia and will treat 600 tons of silicious ore containing 4% of 
copper per day. 

*ZlNC. 

Electro4hermal Processes. 

A comprehensive report on the electro-thermal metallur^ oi 
me has been published by B. M. O’Harra.** A review is given of 

*Beama, 1923, 12, 19, 92. 

^Eng. and Min. J. Press, 1923, 116, 975. 
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the principal work done during the last twenty yeaijs on the recovery 
of zinc from ores by electrical distillation and includes descriptions 
of the chief patents* with illustrations of the furnaces used as well 
as extensive excerpts from the technical literature. Special 
attention is paid to the piocesscs of de Laval, Johnson, Imbert, 
Thompson and Fitzgerald, Cote and Pierron, Snyder, and Fukon. 
The difficulties of condensing the zinc vapour are described and the 
necessity of a well designed condenser is emphasised. The temper- 
ature of the gas issuing from the electric furnaces has a tendency 
to be higher than that from retorts, resulting in the production of 
excessive quantities of the blue powder. Successful attempts to 
melt, this material by subjecting it to a rubbing action above the 
melting point of zinc have, been made in Scandinavia. The 
recovery of zinc by electric smelting is higher than that in the 
retort process, and the cost of retorts and loss of zinc from absorp- 
tion and diffusion are avoided. Generally a recovery of IK)- 9.5% of 
the zinc should be possible, whilst the lead, copper, and precious 
metals remain in a residue which is suitable for direct blast-furnace 
treatment, for their recovery. Again complete recoveiy of sulphur 
is not necessary, as iron formed during the process decomposes 
zinc sulphide, and the ferrous sulphide so produced is not, as in the 
retort piocess, detrimental. Given cheap power, electrothermic 
smelting of zinc ores should be cheaper than either the electrolytic 
or the retort process. 


Electrolytic Processes. 

Recent progress in the electrolytic recovery of zinc relate mainly 
to the systems of purification, circulation, and regeneration of the 
electrolyte. The main methods at present estabhshed for this 
process arc those employed by the Anaconda Copper Company, in 
which a low current density, t.c., 20-30 amps, per sq. foot, is used 
and the system of Taint on in which current densities of 100 amps, 
and upwards per sq . foot are employed. In this case the circulation 
system is naturally very different, it being necessary to cool the 
electrolyte effectively and to arrange a more rapid circulation in 
order to avoid “ sprouting,” which is followed by short circuits at 
the electrodes. Amongst other advantages, this process leads to an 
acceleration in the production which entails an economy in the 
capital outlay and overhead charges incurred by the plant and 
materials. 

The extraction of zinc is now the most important electrolytic 
process aftei that of copper. The general conditions necessary to 
its economy may be defined as the availability of large quantities of 
ore of an adequate metal content, the amount of silica to be not too 
high, and the composition of the ore to be sufficiently constant to 
avoid modifying the routine in the preparation of the zinc solution 
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for electrolysis. ^Tlie process is suitable for c^plex ores wbicH 
cannot be economically treated by smelting mexhods. 

An account is given by J. 0. Betterton^’ of experiments made on 
the direct leaching of zinc ores with sulphuric acid and the subse- 
quent extraction of the zinc by electrolysis. The ore contained 
relatively large quantities of soluble silica, also vanadium. These 
substances were precipitated from the acid leach solution and 
removed by a filter-press. The filtrate was treated with zinc dust 
before going to the cells for electrolysis. Considerable trouble was 
found with the separation of gelatinous silica from the sfightly acid 
silicate solution used f " ’ the leaching. The main factors affecting 
the formation of this gel were found to be the concentratioja of 
zinc and of free acid. The higher the concentration of these sub- 
stances the shorter the interval which elapsed before gel formation. 
With increasing » intent of sihea, the time interval preceding 
incipient gel formation is shortened as the silica is increased from 
8 to 10 g. per litre and then rapidly increases when the silica content 
increases from 10 to 13 g. per fitre. A method of removing the 
silica from solution in a filterable and washable form is developed 
and consists in making the solution alkaline by the addition of 
zinc oxide fume. By adding 5 lb. in excess of zinc oxide to 2 tons 
of solution containing 1% of silica and 5-8% of zinc and heating 
to a temperature of 90°-100° C., the silica is nearly all removed in * 
less than one hour ; 1-2% of the total silica still remains, however, 
and is precipitated during the zinc dust treatment. The sifica 
separates rapidly from the first, but until precipitation is practically 
complete the clear supernatant solution will not pass through a 
filter paper. The precipitated silica filters and washes readily 
after the reaction is ended, the gelatinous condition occurring with 
the dissolved silica which is in the transition stage. 

A method is devised by S. Field and W. E. Harris,^® in which use 
is made of the Al-Hg or Zn-Hg couple in eliminating impurities 
from the slightly acid solutions obtained from the leaching of the 
ore. These solutions are first freed from iron and nickel. Mercurio 
sulphate is then added followed by zinc powder or zinc blue. »The 
more electro-positive metallic impurities are deposited, while the 
evolution of hydrogen is prevented by the high overvoltage o» the 
surface of the alloy formed. Economy of zinc is effected by this 
method and the process becomes applicable also in cases in which 
high acid content would prohibit purification owing to high con- 
sumption of zinc. An estimate of the costs of the purification 
chemicals is included. 

An investigation of the chemical, physical, and mechanical 
properties of electrolytically deposited zinc from sulphate solution 
Eng. and Min. J., 1923 , 116 , 67 . 

** Trans. Amer. Electrochem. Soc., 1923, 269 {Advance Copy ) ; J,, 1923, 
1076a. 
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lias been made by von Schwarz.*® The metal o{)tained is of about 
99*9% purity. It is observed that during the electrolysis zinc 
crystals are deposited in directions normal to the cathode surface. 
A peculiar ring structure is exhibited by sections parallel to the 
latter. Electro-deposition occurs most readily at angles, comers, 
and rough parts of the cathode. The brittleness of electralytic 
zinc is attributed to the presence of hydrogen, which, in the case 
of the sample investigated, was found to be presgnt to the extent 
-of 0*065%. When electrolytic zinc'is melted the hydrogen flame 
can be observed. When heated to 105°-110° C. for some hours a 
loss of weight of 0*026-0*04% occurs. A plate of zinc so treated 
becomes curved slightly and a considerable volume of hydrogen is 
evolved. When heated to a temperature above 180° C. the plate 
becomes very curved, the concavity being directed towards the 
original cathode surface. The phenomenon is accompanied by a 
decrease of 0*7 in the density of the metal. The electrical conduc- 
tivity of electrolytic zinc is practically the same as that of pure 
zinc, but the value at 195° C. is much below the anticipated value. 
This decrease and the decrease of density occurring at about the 
same temperature are not reversible phenomena, but are connected 
with the evolution of hydrogen. Determinations of hardness at 
high temperatures are in agreement with the customary values 
Very little, if any, hydrogen is dissolved in electrol 3 rtic zinc oi 
electrolytic iron which has been stored for a long period. 

An extended investigation is made on the electrolytic extraction 
of zinc from Swedish ore by means of the Siemens und Halske 
process bv W. Palmaer and A. Wejnarth.^® The relative merits d 
the use of chloride and Efulphate solutions are compared and the 
latter is found preferable. In continuous operation, one half oi 
the zinc is extracted from a given electrolyte before regeneration 
with an average current efficiency of 76%. By employing a current 
density of 25 amps, per sq. foot of cathode and an average voltage 
of 3*5, a deposit 3 mm. thick is obtained in four days. A dis- 
cussion is given of the methods of roasting and leaching the ore, 
the purification of the solution, and the specific influence of different 
impurities present on the deposited metal. With regard to colloidal 
addii^ions t o the electrolyte, it is found that no marked advantage it 
.obtained by the presence of small amounts of glue and its use is not 
recommended. The anodes used are of electrolytic lead and theii 
consumption, which is mostly recovered in the form of disintegrated 
metal and oxide, amounts to 0*8-1% of the weight of zinc deposited 
Aluminium is found to be most suitable for the cathode starting 
‘sheets.^ A useful property is the passivity which this metal assume! 
in the acid electrol 3 i;e. The deposited metal is in a state of straii 

Ekktrochem., 1923, 29. 198; J., 1923, 607a. 

“IWd., 1923,29, B67. 
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which causes the fine to become bent without, however, cracking.^ 
This effect diminishes the adhesion of the metal to the cathode and 
thus facilitates its separation. 

An investigation is made of the crystalline form of the electro- 
deposited zinc by means of X-ray analysis. The theory which 
assumes a transition from amorphous to a crystalline form on 
standing is rejected and it is considered that a recrystallisation 
occurs in accordance with Tammann’s theory. The changes of 
resistance and electrode potential during the electrolysis are 
measured.’ An opinion is given on the economic outlook for the 
electrolytic extractioi^ of zinc compared with electrothermal 
methods. It is estimated that a power expenditure of 0*8 kw.-year 
per ton of zinc is needed in electrothermal treatment compared 
with 0-45 kw.-year per ton by the electrolytic process. 

Iron. 

An account is given by H. B. Hinehne^^ of experiments which 
were carried out to determine the type of plating bath that would 
give good deposits of iron on to irregularly-shaped rubber articles. 
A conducting coating on the rubber is easily obtained by varnishing 
it, and then brushing in graphite. After trying various composi- 
tions, good heavy deposits up to J-in. in thickness and high throwing 
power to ensure filling the crevices were obtained with an electrolyte 
of ferrous and calcium chlorides, containing chromous chloride and 
quinol as reducing agents. The best results were obtained 
with current densities of 26-76 amps, per sq. foot and temperatures 
between 60® and 70° C. The solution should contain frem 0;01% 
to 0-6% of free acid to prevent the precipitation of ferrous hydroxide 
or ferrous carbonate. 

Cadmitim.®* 

The sources of cadmium are the precipitates obtained by the 
addition of zinc powder in preparing a zinc sulphate electrolyse, or 
the fumes and dust disengaged in zinc or lead smelting, which are 
collected in dust chambers or filters. Cadmium is extracted at 
two factories in America. In one at Kennett, the raw material, 
which contains only 0-66% of cadmium, is treated with •sul- 
phuric acid, chalk is added and at the same time the material is 
oxidised by subjecting it to a current of air, whereby iron, arsenic, 
and about half of the copper h*re precipitated. On the addition ol 
zinc powder a precipitate is obtained containing 26% of cadmium. 
The subsequent operations consist in lixiviation by sulphuric acid, 
separation of the solution and the residue ot copper, precipitation 
of cadmium in the form of spongy metal, solution of cadmium in an 

“ Trims. Arm. Electmhern. Soc., 1923, 21; J., 1923, 185a. 

^ Altmayer, loc. cit. 
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acid electrolyte, elimination of iron, and thallium, if present, and 
electrolysis with lotating aluminium cathodes. The presence ol 
arsenic involves a. modification of the routine in order to remove 
this element as AsHg. In a works at Midvale, a material containing 
15% of cadmium, 20% of lead, and 50% of arsenic is treated. The 
product is roasted, leached, treated in a reverberatory furnace 
again leached, and after neutralisation of the solutions by lime tc 
remove the remaining impurities, the filtered liquor is subjected tt 
electrolysis. It is necessary to avoid the presence of iron or raising 
the temperature, which encourage solution of the cadmium at the 
cathode. 

. Lead. 

The method universally adopted in lead refining is the Betts 
process ; the anodes should contain not less than 98% of lead ; the 
most harmful impurities are tin and tellurium. The electrolyte 
consists of lead fluosilicate and free hydrofluosilicic aciei. The 
system of electrolysis and arrangement of vats are similar to those 
employed in the refining of copper. The c.d. employed is 1 8 amps 
per sq. foot; temperature 37° — 38° C. ; the quantity of gelatir 
added is carefully regulated and amounts to about 1 kg. pei 
ton of lead deposited. It is necessary that the slimes should adhere 
to the anodes as their collection at the bottom of the vats woulc 
form a conducting layer. The adiicsion is assisted by the presence 
of arsenic and antimony (together amounting to about 0*C%) 
These slimes contain 10-15% of lead, 35-40% of antimony, 5-10°/ 
of bismuth, 15-16% of precious metals. It may be taken, in general 
that the 'Betts process is not suitable for impure lead. With a lov 
price for power and skilled attendance, the Betts process can oftei 
compete .with that of Parkes. 

Tin. 

The amount of tin produced is small compared with other metali 
and its electrolytic recovery is limited to special cases. It has beei 
applied and found renumerative in America on account of tb 
recovery of precious metals which cannot be achieved with a goo( 
yield by ordinary processes. The tin content of the anode variei 
froA 96% to 98% ; the electrolyte is a fluosilicate of tin preparec 
in the vats themselves. In the process of Whitehead, the cathod 
is protected by a porous vase and an electrolyte containing20%o 
hydrofluosilicic acid and 0*1% of sulphuric acid is employed. Th( 
function of the sulphuric acid, the amount of which should be helc 
constant, is to precipitate lead, which is a harmful impurity. It i 
further necessary to avoid the presence of iron. The c*.d. is abou 
18 amps, per sq. foot, and the temperature of the electrolyte i 
kept below 20°C. in order to avoid the decomposition of hydro 
fluosihcic acid into silicon fluoride. 



ELECTEO-OHEMIOAL AND ELECTEO-METALIWJEQICAL INl^TJSTElES. 299 


Nickel, 

The Hybinette process which was developed in Norway has been 
improved and applied on a large scale by the "^British American 
Nickel Corporation, Ltd. The characteristic features of the 
American process are the production of a matte with 56% Ni and 
24% Cu ; after grinding and roasting at a low temperature, this 
is leached with a solution of sulphuric acid whereby part of the 
copper is dissolved and a s»)^ution given containing 4*5% Cu, 
0-8% Ni, and 1% of free acid, which forms the electrolyte. The 
residue from the leaching is dried, melted, and formed into anodes 
containing 80% Ni, 18' , Cu, and 2% Fe. The electrolysis, con- 
ducted at first \vith soluble copper anodes, gives copper on the 
cathode until the content of this metal in the electrolyte is lowered 
to 1’5%. The content of the nickel in the electrolyte is increased 
and that of the copper lowered by continuing the electrolysis with 
soluble nickeliferous anodes, when some of the copper is displaced by 
solution of the nickel. The electrolysis is then continued with the 
use of insoluble anodes of antimonial lead, when with a c.d. of 
250 amps, per sq. foot, the addition of gelatin, and the use of a 
temperature of 75° C. Ni is deposited. The electrolyte is cooled 
and nickel sulphate crystallised out and dissolved to form fresh 
electrolyte. The acid mother liquor is employed for leaching 
matte. The essential point of the process consists in controlling 
the proportions of nickel and copper in the matte. In this process 
the losses of copper and nickel are small and practically the whole 
of the precious metals are recovered. 

Silver. 

A description is given by A. H. W. Cleave of a cell which has 
been developed at the Ottawa Mint for the electrolytic refining of 
silver which enables a greater output than with the Moebius cell. 
The crude silver containing 10-16% of base metal is cast into 
anodes. The cells employed are annular, 36 in. in diam., and 
provided with a hollow centre in which is situated the support for 
the cathode carrier. The electrolyte is contained in the annular 
space between the outer and inner walls of the cells. This spafB'is 
8 in. wide and 18 in. deep. The cathodes rotate at a peripheral 
speed of 40 feet per min., which serves to keep the electrolyte well 
mixed and to prevent any tendency to stratificatjpn. The c.d. 
may range from 75 to 150 amps, per sq. foot without unduly increas- 
ing the temperature of the electrolyte or fouhng it or increasing 
the resistance of the cell abnormally. The working voltage jof the 
cell does not exceed 1-2 volts at 75 amps, or 2*5 volts at 150 amps, 
per sq. foot of cathode area. The highest temperature of the 

M Eng. and Min. J., 1923, U6, 21. 
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electrolyte at 75 amps, is 30° C., and 40° at 150 amps, when in 
continuous operation. By means of specially designed cathodes, 
and multiple grouping of the anodes, the current becomes a 
pulsating one, which causes the deposited silver to adhere loosely 
to the cathodes so that it is easily removed. The cathodes are 
automatically stripped by means of a scraper, which can be adjusted 
BO as to keep the spaces between the anode and cathode faces 
constant. The silver stripped from the cathodes falls into remov- 
able trays, which are emptied at intervals of about four hours. 
The deposited silver is dense and crystalline and is of a purity of 
99-90-99-99%, 

Manganese. 

An account of some properties of electrolytic manganese is 
given by A. N. Campbell,®^ Determinations were made of the 
density and chemical properties of the metal and the results of 
potential measurements in salt solutions are detailed. 

General. 

A theory of the mechanism of crystal formation in electro- 
deposition is outlined by W. Blum and H. S. Rawdon.^® The 
principal types of crystalline structures observed in electro-deposits 
are classified and the conditions which tend towards the formation 
of the different types are discussed. 

An account is given by H. E. Haring and W. Blum^® of the current 
' distribution and throwing power in the electro-deposition of metals. 

In* an "article on the corrosion of electrolytic iron by W. E. 
Hughes,®’ it is concluded that the properties of electrolytic iron 
depend largely on the nature of the solution used for its production. 
The differences are attributed to the effect of inclusions of salts in 
promoting corrosion. 

The conditions which affect the electrolytic deposition of 
; chromium are outlined by E. Liebreich.®® 

An article on the chromium-plating of steel by using chromium 
, anodes is pubfished by K, W. Schwartz.®® 

Chem. Soc. Trans., 1923, 128, 232.3 ; J., 1923, 1133a. 

Trans. Amr. Electrochem. Soc., 1923, 247 {Advance Copy) ; J., 1923, 

1076a. 

365 {Advance Copy); J., 19S3, 556a. 

« Chem. artd Met. Eng., 1923, 29, 536 ; J., 1923, 1074a. 

‘•Z. Elektrochem., 1923, 29, 208 ; J., 1923, 607a. 

•• Trans. Amer. Electrochem. Soc., 1923, 13(i4d!uance Copy); J., 1923,891a. 
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OILS, FATS, AND WAXES. 

By Russell G. Felly, 

Technical Research Works, Ltd., London. 

General. 

It does not appear that any very rapid or far-reaching advances 
have been made durmg . ae period under review in either the science 
or the technology of oils and fats, but it is certain that in both 
steady progress has been made. 

In the trade in oilseeds, oils, and allied products there are few 
points worthy of special comment ; conditions appear to be 
gradually becoming more stable and the prices of raw materials 
have been more on a normal basis. 

One curious feature of the trade in oils has been the relation 
between the price of “ acid oil ” and the crude oil from which it is 
derived as a by-product of the removal of free fatty acids by 
neutralisation ; for a long time past the prices of “ acid oils ” 
have remained at a figure very close to the price of crude oils — an 
occurrenee which can only be considered abnormal, as in the past 
“ acid oils ” have frequently been quoted at about half the price of 
the crude oils, and even at this low price have not been easy to 
dispose of. The reason for the present relationship in price is not , 
easy to decide. It is probably due — ^in part at any rate -to the 
control of glycerin prices by trade monopoly, and to the sm*aller 
demand for glycerin under peace conditions. 

It may be said with some justice that full realisation of the value 
and uses of margarine was a lesson only taught by the war. Although 
margarine is now obtainable at practically the same prices ets those 
ruling in pre-war days, manufacturers of margarine in this country 
are passing through difficult times, owing partly to over-production 
(and to the present lower price of, and the preference for, butflbr), 
but mainly to a short-sighted policy of competitive price-cutting.. 
If it is found possible in the future to obviate the lack of vitanflns 
in margarine and so to make margarine fully equal in dietetic 
value to butter, perhaps this essential industry may receive a fresh 
impetus. 

A point which cannot fail to strike those interested in the oil 
industry is the small extent to which vegetable fats of the ‘***^getable 
lard’* type 'are used in Great Britain compared with America; 
vegetable fats are, of course, used to a very large extent in several 
industries in this country, but the domestic use of vegetable fats is 
comparatively small, though there is some evidence that attempts 
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are being made y o develop the use of these maf^erials, and there is 
certainly room f6r expansion. 

The increased (temand for palm oil in the United States of America 
is a feature of some interest, particularly as palm oil is such an 
important product of our West African possessions. Although 
West Africa, and particularly British West Africa, is the natural 
habitat of the oil-palm, its cultivation in plantations in the Dutch 
East Indies, chiefly in East Sumatra, has been extremely successful 
during the last few years, where the oil-palm has proved very 
responsive to efficient cultural methods, yielding fruit at an earlier 
age than in West Africa, and producing larger yields. According 
to, E. Eickendey,^ Sumatra oil-palm fruit contains more gum and 
also more moisture than African fruit, so that in pressing the 
Sumatra fruit a turbid oil is obtained and more oil remains in the 
residue. 

The future of the oil-palm in the East is a matter of considerable 
interest and imjiortancc, anil it seems highly desirable that research 
on the cultivation and exploitation of the tree in British West 
Africa should receive the immediate and close attention of the 
Governments concerned. The oil-palm has been found to do well 
in some of our British possessions in the East, notably Malaya, 
where it seems likely that large areas will be cultivated in the near 
future. 

In the scientific investigation of oils, fatty adds, and soaps it is 
gratifying to see that many workers arc cairyiiig out researches 
and applying the most modern methods known to ])hysios and 
chemisljy, such as the application of X-rays to the elucidation of 
the** structure of the fatty acid molecule and the consideration of 
the effects of the colloidal state in soap and soap solutions. The 
methods of isolating, identifying, and synthesising the many fatty 
acids are being gradually developed. One of the few problems 
which does not seem to have received so much attention as it 
deserves (sec p. 311) is the separation and determination of the 
mixed glycerides, which are of particular interest and imjiortance 
in «diblc fats ; this is a problem which it will obviously be difficult 
to solve, but which cannot be regarded as incapable of solution, 
es^cially when one considers the great progress already made in 
such difficult problems as are encountered in separating mixtures 
of fatty acids. This problem was referred to at some length in the 
last Report, 2 J)ut no apology need be made for again calling attention 
to it here in the hope that workers may be induced to attempt its 
solution. 

It, is of interest to note in connexion with mixed .triglycerides 
that the possibility of manufacturing them artificially has not 

1 Kolhid^Zeita., 1923, 33, 1.07 ; J., 1923, 895a. 

* Ann. Repta., 1922, 7, 279. 
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been overlooked ; G. Schicht and A. Griin have proposed to effect 
this by esterification of mono- and di>glycorides "vt^ith fatty acids.® 

Rancidity is a problem, and a serious one, particularly for the 
edible oil manufacturer, and although it cannot yet be claimed 
that all the causes of rancidity are known, steady progress is 
being tfn ado. 

The deterioration of mutton and beef fats has been investigated 
by J. F. Bevis,^ who fo ind that the action of light greatly acceler- 
ated the decomposition of fats at ordinary temperature, and that 
free oleic acid increased the rate of formation of substances reacting 
in the Kn'is test, ^/hilf 3c glycerol had no effect. The increase 
in free fatty acid bore no relation to the Kreis test. For the 
detection of rancidity this author considers the Kreis test more 
sensitive than the Issoglio oxidation method. The natural 
colouring matter ai*’ eared to play some part in the decomposition 
of fats. 

The Kreis test is also recommended by R. H. Kerr and D. G. 
Sorber,® who discuss the causes of and phenomena associated with 
rancidity, and its influence on analytical characteristics. 

A new test for acrolein and its bearing on rancidity has been 
described by W. C. Powick.® Acrolein and phloroglucinol form in 
presence of hydrogen chloride and hydrogen peroxide a deep red 
product showing a well-defined absorption band in the yellow- 
green region of the spectrum, which is spectroscopically identical 
with that obtained in the Kreis rancidity test. 

On the more purely technical side several interestmg papers have 
been published. The extraction of oils by solvents has, tyi course, 
been carried out for many years on a very large scale in this country 
and elsewhere. In the opinion of E.W. Albrecht’ petroleum spirit 
is the best solvent, and the process has advantages over expression 
in labour, steam and power consumption ; the loss of solvent is 
below 1% in modem plant, when efficiently worked, while the 
oil content of the meal may be reduced to 1% and no difference in 
(quality between expressed and extracted oils can be detected, "^^his 
last statement is true in many cases, but certainly not in all ; 
extracted oils arc in some cases even superior to expressed ^jls, 
but a good many factors, such as consideration of the subsequent 
use of the oil, to mention only one, must be taken into account in 
comparing an extracted oil with an expressed oil. 

Although there are several efficient extraction plants on the 
market, a good deal of attention is apparently being given to the 

3 E.P. 100,840 ; J., 1922, OtOA. 

« J., 1923, 417t. 

6 Ind. Eng. Chem., 1923, 15, 383 ; J., 1923, 663a. 

Uhid., 1923, 16, 60 ; J., 1923, 376a. 

’ Chcm.^Zeit., 1922, 46, 1034 ; J., 1923, 22a. 
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production of p?ant of greater efficiency, particularly towards 
designing plant for continuous instead of intermittent extraction. 
In the expression of oil from seeds a continuous process would be 
an obvious advantage in many ways, and ingenious plant for attain- 
ing this end has been patented recently by A. E. Gulley.® Space 
will not allow of any detailed description of the process being* given 
here, but it consists briefly in subjecting the oil-containing material 
to pressure between a metallic belt or belts passing between rollers, 
when the oil is forced to the edges of the belt and collected. Trials 
have been made recently, the results of which are believed to be 
most satisfactory, and the results of working this process contin- 
uously under actual manufacturing conditions will be of great 
interest when available. 

An interesting contribution to the refining of edible oils has been 
made by B. H. Thurman,® who discusses the losses due to impurities 
in the oil and caused by subjecting it to neutralisation, decolorisa- 
tion, hardening, and deodorising. The results noted are of parti- 
cular value as they were obtained under actual working conditions 
with large quantities of material. The author states that the sub- 
stance which Hulme found to be precipitated from cotton-seed oil 
by treatment with boric acid is a phosphatide, and discusses the 
losses occasioned by this substance. 

The importance of fuller’s earth as an agent for decolorising oils 
is common knowledge, though little is known as to why certain 
types of earth are more effective than others, or why their action ' 
varies on different kinds of oil.’ It is true that the problem has in 
the past ’been the subject of a good deal of theorising without, to 
put it plainly, sufficient experimental proof, and it is gratifying to 
note that two communications have been published recently. 
E. K. Rideal and W. Thomas^® have examined three types of 
fuller’s eartb, and have determined the specific surface, the adsorp- 
tion of methylene blue, and the power of catalytically decomposing 
hydrogen peroxide. They found that the adsorption of methylene 
bli^p from aqueous solutions was approximately proportional to the 
specific surface, but that the catalytic power of decomposing 
hy^ogen peroxide was not conneebed with surface or adsorbtive 
power for methylene blue, and suggest that the oil-decolorising 
properties are connected with the powers of adsorption and catalytic 
oxidation, and that the latter property is related to the iron content 
of the earth." With no wish to be hypercritical, one cannot refrain 
from suggesting that this interesting piece of research might have 
been pushed further and have included actual work on oils, A 


•E.P. 201,190; J., 1923, 938a. 
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publication by I). Wesson deals with soinyniost interesting 
results obtained in decolorising cotton-seed^ oil with various 
earths, but is also incomplete. The results clearly demonstrate 
that oil retained by the earth is in an oxidised condition due to the 
action of the earth on the oil, but the fact tlmt the best decolorising 
cartl^ which gave the highest adsorption, showed the least effect in 
oxidising ferrous sulphate, is sufficient evidence that further work 
is greatly needed on this irteresting problem ; in fact the author 
says, “ the object of this pajler is to call attention to some un- 
published observations which may assist others eventually to solve 
the problem,” aiid . must agree that the publication of an» 
incomplete research suen as this is an act of generosity on the part 
of the worker and more suggestive and valuable than much 
completed work. The oxidising c^ffcct of decolorising earths is 
also referred to b;, il. H. Thurman,^- who m tes that carbon does 
not appear to produce the effect. 

The work on vitamins is progressing steadily, and there is now 
no doubt that the chief cause of infantile rickets is a lack of vitamins 
associated with certain oils. The researches of Miss Chick and her 
co-workers have established that sunlight or other radiations of 
short wave-length enable animals to economise the supply of 
vitamins. Larger supplies of vitamin A must therefore bo supplied 
to prevent rickets if the subject is exposed to bad conditions of 
lighting. In investigating the effect of short wave-length radiations 
on economising or activating the vitamin A, E. M. Hume and 
H. Henderson have made the intcrcstmg discovery that direct 
exposure of the animal to the rays is not necessary, 
same effect may be produced by merely placing the animal in a Tessel 
containing air previously irradiated ; the explanation of this 
discovery must be awaited with considerable interest. 

The subject of vitamins will be found more fully discussed 
under the section on “Foods.” 

Drying Oils. 

An interesting contribution to the study of the drymg of lingeed 
oil has been made by F. H. Rhodes and A. E. Van Wirt,^* who have 
investigated the action of various pigments on the rate of oxidation 
of oil. Their results support the theory that the drying of oil is 
an autocatalytic reaction, the catalyst being an oxidation product 
of the oil itself. Lead salts act as pseudo-catalysts by promoting 
the formation of such oxidation products and do not Have a marked 
effect on the total oxygen-absorption of the oil. 

Cotton Oil Press, 1923, 7, No. 6, p. 28. 

Ind. Eng. Chem., 1923, 16, 396 ; J., 1923, 560a. 

1* Medical Research Council, Special Report, No, 77, 1923 ; Chem. and Ind., 
1923 811. 

. . “ Ind. Eng. Chem., 1923, 16, 1136 ; J., 1923, 1233a. 
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Pigments oftci/^have ca considerable influence on the rates of 
absorption of oxygen and of evolution of oxygen absorbed and 
volatile matter evolved. For instance, leaded zinc, lithopone, 

titanox,” and barium sulphate all retard o?;idation and evolution 
of volatile matter, and also reduce the amounts of oxygen absorbed 
and volatile matter given off. This effect seems to be due partly 
to the fact that the oil hardens at an earlier stage when mixed with 
pigments. 

Zinc white appears to be somewhat capricious in its effects ; in 
some cases it acts as an inert filler, decreasing the initial speed of 
'oxidation without affecting the amounts of oxygen finally absorbed 
or evolved, whilst in other cas(‘s it resembles lithopone and leaded 
zinc in action, causing rapid hardening of the oil and decreasing 
oxygen absorbed and volatile matter evolved. This paper contains 
the results of a large number of detailed experiments which should 
prove valuable to paint and varnish manufacturers. 

A comparison of linseed oils produced in the United States of 
America with imported oils has been made by H. A. Gardner ; oil 
imported from Europe (produced from Argentine seed) has an 
iodflne value below 180, oil from Japanese or Calcutta seed has 
an iodine value around 180, and Canadian and North American oil 
has an iodine value of 182-186. Analytical data obtained in the 
examination of a large number of commercial linseed oils have also 
been described and discussed by H. Wolff. The presence of two 
phytosterols in linseed oil has been recorded by R. J. Anderson 
and M. G. Moore 

Thf coiumcrcial impoi tance of tung (Chinese wood) oil appears 
to be increasing as its technical value becomes more generally 
recognised. It is to be hoped that serious attempts will be made 
to grow this oilseed in British possessions as has already been done 
in the United States of America. At present this country is entirely 
dependent for supplies on the East, though the importance of the 
oil was recognised and the desirability of attempting to grow the 
tree in British possessions was pointed out some years ago. 

J. Marcusson^® states that when exposed to light in absence of 
air Aung oil changes into a solid, which may be separated by 
treatment with acetone into a soluble fraction — ^mostly unchanged 
oil— and an insoluble fraction consisting of jS-elaeostearin (m.p. 
61® C. after purification) ^ a small quantity of infusible substance 
^insoluble in all fat solvents is also formed. The formation of 
jS-eleeostearin from a-elseostearin is an instance of stereoisomeric 

“<7irc.A68, U.S. FaitU Manuf. Aaaoe., 1922 ; J„ 1923, 22a. 

»« Chem.-ZeU., 1923, 47, 142 ; J., 1923, 276a. 

J, Amer. Chem. iSoc„ 1923, 45, 1944 ; J., 1923, 937a. 

angew, 1922, 85, 643; J,, 1922, 866a. Z, Deuta, Oel’ u, 

Fattind., 1923, '48, 162 j J., 1923, 938a. 
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rl^-arrangement ipm the cis- to the trans-iontJ In contact wit^ 
air or exposed to light m a sealed tube the oil polymerises to a 
product insoluble in fat solvents. 

Raw tung oil dries with formation of gelatinous masses of 
jS-elaeostearin and the dried film lacks durability ; by heating the 
oil polymerisation is brought about so that on drying /S-elseostearin 
is not formed and the oil is rendered suitable for paints. 

Substances, such as lin&e^^d oil and colophony, which prevent 
coagulation on heating do so* by reducing the tendency of the sol 
to pass to the gel form. 

The behaviour of : . ig oil on heating in comparison with linseed 
has been studied by C. F. Mabery.^® • 

The decrease in refractive index of tung oil has been found by 
F. H. Rhodes and H. E. Goldsmith®® to be 0-000395 for each 1® C. 
rise in temperatuio. ' 

According to A. Vercruysse,®^ the products of oxidation of 
elflBomargaric acid and the products of decomposition after 
ozonisation point to the formula 

CH3(CH2)3CH : CH(CH2)2CH: CH(CH2)7C00H. 

The analytical characters of the oils from four species of AUuritea^ 
A. cordato-^apancse tung ; A, Fordn— Chinese tung ; A. montam 
' — ^Kangtong tung ; and A. molmcana — Bakoly, have been deter- 
mined by I. Miura.®® 

The unsaturated fatty acids from perilla oil have been studied 
by K. H. Bauer®® and found to contain oleic acid ; the linolenic 
acid from perilla oil gave the same hexabromostearic acid as is 
obtained from linseed oil, but linolenic acid from perilla oil gave on 
oxidation only small amounts of linusic and isolinusic acids, 
together with an isomeric hexahydroxy acid not obtained from 
lin^d oil ; linolenic acid obtained by debromination of hexa- 
bromostearic acid was not identical with the acid originally 
brominated. The authors maintain that it is unsafe to draw 
conclusions as to the presence of isomeric linolenic acids from the 
behaviour on bromination alone. 

Semi-Drying and Non-Dbying Oils. 

The composition of soya bean oil has been submitted to detailed 
investigation by W, F. Baughman and G. S. Jamieson®* with th# 
following results : — ^glycerides of fatty dcids : linolenic 2-3, linolic 
57'6, oleic 33*4, palmitic 6-8, stearic 4-4, arachidic 0-7, lignooerio 

Ind. Eng. Chem., 1923, 16, 366 ; J., 1923, 663a. 
ao Ibid. 1923, 15, 786 ; J., 1923, 938a. 

^ Bull. Soc. Chim. Belg., 1923, 82, 161 ; •/., 1923, 665a 
^ Kdgyd'Kvmgaku ZaaaU, 1923, 26, 316 ; J., 1923, 786a. 

» Ohm, XJmadhau, 1923, 80, 9 ; J., 1923, 149a. 

** J. Amcr. Ohm Soo» 1922, 44 , 2947 ; J., 1923, 149a. 
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0*1%; unsaponifi^blo matter, 0-6%; saturate^ acids, 11-5% ; 
unsaturated acids, oi3-5%. 

The same authors have examined sunflower seed oiP® which 
consisted of glycerides of fatty acids : linolic 57-5, oleic 33*4, 
palmitic 3*5, stearic 2-9'' arachidic 0*6, lignoceric 0-4% ; unsaponi- 
fiable matter 1-2%; saturated acids, 7-1%; unsaturated acids 
86 - 6 %. 

The acetyl value of grape seed oil is stated by E. Andre 2 ® not to 
be due to the presence of ricinoleic acid, but to the presence of 
hydroxy acids of lower molecular weight containing 14 to 16 carbon 
atoms, and at least two hydroxy acids, one saturated and the other 
unsaturated, appear to be present. 

In agreement with Gill and Tuft,^’ phytosterol was found by 
R. J. Anderson and M. G. Moore to be the chief constituent of 
the unsaponifiable matter of maize oil, while stigmasterol was 
absent. Cotton-seed oil contained at least two phytosterols, the 
separation of which by fractional crystallisation was very difficult. 

Rape oil derived from Japanese rape seed {Brassica mmpeslris. 
L., B. Chinensis) was found by Y. Toyama to contain about G5% 
of erucic acid ; saturated acids were present to the extent of less 
than 2%, and from these palmitic acid was isolated, while stearic, 
behenic, lignoceric, and arachidic acids were probably present ; 
indications of linolic and oleic acids were also obtained. The 
lead salt ether and lead salt alcoiiol methods of separation of fatty 
acids were found unsuitable for rape oil. Several derivatives of 
erucic acid and of behenic acid (prepared from erucic acid by 
hydrogenation) were prepared and characterised ; these data will 
no doubt prove useful aids in the identification ©f the above fatty 
acids. 

By shaking a 50% solution of a crude vegetable oil in ix?troleum 
•ether with copper acetate, all crude oils, except cotton seed oil, 
develop a pale to dark emerald -green colour ; no colour is produced 
with refined oils. W. W. Dickhart suggests that this test is useful 
for the differentiation of crude kapok and cotton seed oils, or, by 
using a tintometer, for the detection of as little as 0*5% of crude 
vegetable oils in cotton seed oil. The value of this test appears to 
be rather problematical as crude cotton seed oil is not very likely, 
owing to its comparatively low value, to be adulterated with other 
oils, while refined oils apparently do not react, and addition of 
crude oils to n^fined cotton oil is highly improbable. 

*6 J. Amer. Chem. Soc., 1922, 44, 2952; J., 1923, 149a. 

Comptes rend., 1923, X76, 843 ; J., 1923, 410a. 

«y., 1903, 601. 

*« J. Amer. Chem. Soc., 1923, 46 , 1944 ; J., 1923, 937a. 

K6gy6-Kwagahi ZaaaU, 1922, 86, 1044 ; J., 1922, 988a. 

w Ibid., 1063 ; J., 1922, 988a. 

« Amcr. J. P/iarm., 1923, 96 , 108 ; J., 1923, 317a. 
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The detection pf arachis (ground nut) oil and As determination in 
mixtures is a problem which has already recmed a good deal of 
attention. According to A. W. Thomas and C. L. Yu separation 
of stearic, arachidic, and lignocoric acids may be effected by means 
of their magnesium salts, which are only ‘slightly soluble in 90% 
(by*vol.) alcohol, while the magnesium salts of oleic, linolic, and 
linolenic acids are easily soluble. The behaviour of the insoluble 
magnesium salts obtained from rajK) and tiing oils has also been 
studied.^® 

Marine Animal Oils. 

The methods of manufacture of cod liver oil employed in 
Newfoundland have been investigated by H. S. Zilva and J. C. 
Drummond. The manufacture of oil is under the control of the 
Ministry of Mariue, the direct steam process being almost exclusively 
used ; the oil produced is of very high and uniform vitamin 
potency. 

Pilchard oil (from Clupeu pildmrdm), of which 60,000 gallons 
was produced at Cornish fishing stations in 1921 from the pilchards 
pickled for export, has been examined by H. M. Langton.*® The 
physical and chemical characteristics of two samples of oil are 
given, together with information as to the nature of the oil and 
character of the soap produced. The oil contains clupanodonic* 
acid and apjxjars to be chiefly employed in soft soap manufacture. 

On separation of the unsaponifiable matter of cod liver oil, by 
saponification with alcoholic potash and removal of fatty acids as 
calcium salts, K. Hattori and T. Obata^® obtained product 
having from five to ten times the vitamin potency of the (Triginal 
oil. The liver oil of Sqmlm acaiilhias is stated by S. Berlingozzi 
and M. Tomasini,®’ closely to resemble cod liver oil ; it contains 
M% of squalene, and 2-9% of cholesterol etc., and hydrogenates 
readily. The saturated hydrocarbon iso-octadccane, CigHjg, 
isolated from the liver-oil of the giant shark (Cctorhinus maximus, 
Gunner) by M. Tsujimoto, has been found by G. Toyama®® to be 
present in the liver- oils of three other species of shark. ‘This 
hydrocarbon appears to be present generally in liver oils containing 
squalene, and the author proposes to name it pristane ** 

In continuation of his already voluminous work on liver oils, 
M. Tsujimoto®® gives the results of examination of the oils of the 
• * 

»V. Amer. Chem. Soc., 1923, 45, 113 ; J., 1923, 232a. * 

"Itid., 129 ; J., 1923, 233 a. 

»*J., 1923, 185t. 

»5J., 1923, 47t. 

>• Yakuga-Kvzaashii 1923, No. 497, 525 ; J., 1923, 987a. 

” AntuUi Chim. Appl.^ 1923, 7, 29 ; •/., 1923, 561a. 

*• Ghem, Umschau, 1923, 30 , 181 ; J., 1923, 840a. 

»• im., 1922, 29 , 385 ; 1923, 104a. 
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“iflhinagi ” {Sterempsis ischinagi) and the “ abura-rbodzu ” {Erelepia 
^zonifer, Lockington). The same author has also isolated^ a 
tetradecylenic acid/Cj4H2«02 (probably the A 0 compound) from 
’ sperm oil (3-0%) and dolpW head oil (0*4%). 

The composition of menhaden oil has been investigated by 
J. B. Brown and G. T>. Beal,^ who have attempted the separation 
of the fatty acids, particularly the highly unsaturatcd liquid acids, 
by various methods. Pure cIupano(?onic acid could not be pre- 
pared by debromination of the bromides of the lower-boiling 
fractions of the ethyl esters. The most complete separation was 
obtained by reduction of the polybromides with zinc and methyl 
alcohol, followed by fractional distillation ; the fraction b.p. 215® C. 
at 15 mm. (n^^ 1-48060, iodine value 348-8) was probably pure 
methyl clupanodonatc ; the presence of several other acids was 
indicated by other fractions of methyl esters. Similar results were 
^ obtained with cod and herring oils. 

The characteristics of Malabar sardine oil and its behaviour on 
refining, deodorising, hydrogenation, “ splitting,” and conversion 
into soap are described by J. J. Sudborough, H. E. Watson, and 
P. K. Kurup.« 

N. Evers and H. J. Foster^^ g^atc that the delicacy of the sulphuric 
' acid test for liver oils may be greatly increased by diluting the oil 
to be tested with an oil {e.g., olive oil) which itself giv'es no colour 
with sulphuric acid. H. I). Richmond and E. H. England** were 
unable to obtain good results with the sulphuric acid test as devised 
by Drummond and Watson*^ when petroleum spirit (recommended 
by the latter authors) was used instead of liquid paraffin. The 
addition of cholesterol, furfural, or eu-hydroxymethylfurfural to an 
oil dissolved in light |)etroleum was found by A. Harden and 
R. Robison*® to cause the production of an intense purple colour 
with sulphuric acid, but no furfural or other substance yielding 
this reaction could be obtained by distillation or otherwise from 
coal-fish oil. 

Solid Fats. 

Methods of differentiating genuine cacao butter from the many 
substitutes of cacao butter prepared from Borneo tallow, palm 
Itemel and coconut stearines and other fats, or of detecting the 
addition of such substitutes of cacao 'butter have received a good 

Chem. Vmsefiau, 1923, 30, 33 ; J., 1923, 276a. 

" Jnd. Eng. Chem., 1923, 45, 1289 ; J., 1923, OOSa. 

" J. Ind. Inst. Sci., 1923, 6, 19 ; J., 1923, 661a. 

« Analyst, 1923, 48, 68 ; J., 1923, 276a. 

1923, 47, 431 ; J., 1922, 902a. 

«J., 1922, 718a. 

« Bioch^m. J., 1923, 17, 115 ; J., 1923, 410a. 
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deal of attention, in the past, without, it must^e confessed, any 
great measure of success. / 

According to M.Pichard*^ substitutes for caca’o butter may readily 
be differentiated from genuine cacao butter, or their addition to 
cacao butter detected, by allowing the melted fat to cool in a suitable 
vessel and plotting the temperatures at intervals of five minutes ; 
the cooling curves obtained with cacao butter differ widely from 
those obtained with the substitutes. 

A method based on the curves obtained by observation of the 
miscibility with aniline-alcohol mixtures has been devised by 
Marange,^® and Is i>iated to enable the addition of 10% of 
other fats to cacao butter to be detected. , 

S. Kobayashi^® has isolated a highly unsaturatcd hydrocarbon 
and higher alcohols from Indian illipe fat {Bassia species). 

The characters of Indian mohua oil {Bassia latifolia) are describe 
by J. J. Sudborough, H. E. Watson, and D. V. Chandorkar,^® who 
have also investigated the behaviour of the oil on refining, hydro-' 
genation, and “ splitting.” The choice of solvent for the extraction 
of fatty matter from oil-cakes etc. has always been one giving rise 
to some difficulty to the analyst ; experiments by A. P. West and 
J. M. Feliciano®^ on the extraction of copra cake with different 
solvents are distinctly interesting. Ether, carbon tetrachloride, <x 
benzine was found to extract practically the same amount o: 

“ oil”; chloroform, acetone, and petroleum ether extracted a smal 
amount of non-fatty matter in addition to oil. Much non-fattj 
matter was extracted by ethyl or methyl alcohol ; the non-fattj 
matter extracted by methyl alcohol (after previous reiji,oval of ol 
with carbon tetrachloride) had high acid and saponification Values 
and contained nitrogen probably present as amino-acid. 

Comparatively little is known of the composition of the noil 
fatty portion of even the most important commercial oil-seeds, ant 
the authors’ proposal to carry out further work is to be commended 
The results also serve to emphasise the desirability — ^not recognise( 
as widely as might be — of stating always the nature of the solven 
used for determination of “ oil ” in oil-seeds and cakes. • 

The following glycerides were found by A. Bomer“ to bo presen 
in palm-kemel oil, caprylomyristo-olein m. p. 14° ; difeui’o 
myristin, m.p. 33° ; laurodimyristin, m.p. 40° ; dimyristopalmitifl 
m.p. 45° ; myristodipalmitin, m.p. 51° ; caprylomyristo-olei 
constituted over 50% of the* glycerides.* 

Cwnptea rend., 1923, 178, 1224. Ann, FalsiJ., 19z3, lO, 197 ; Anotytf 
1923,48,566; J., 1923,561a. 
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Hardened Oils. « 

Althougii the liydrogenation of oils has been carried out on a 
very large scale for many years it is obvious from the amount and 
yaricty of research punished recently that this field is by no means 
worked out. ^ 

The various forms of nickel catalysts used for hydrogenation and 
the factors influencing the activity of nickel catalysts are discussed 
in an interesting paper by R. Thomas. Although this is not a 
very lengthy contribution it contains a great deal of valuable 
information in a comprehensive form, including a discussion on 
the yarious tlicories of hydrogenation and action of catalysts. 

A short but interesting paper by T. P. Hilditch and C. W. Moore 
on the selective hydrogenation of unsaturated glycerides includes 
the results of hydrogenation of maize, soya bean, linseed, and 
cotton-seed oils and of cotton-seed oil fatty acids, and also of the 
ethyl esters of the fatty acids, with nickel and in some cases copper 
catalysts. Several important facts are brought to light, such as 
the preferential hydrogenation of Hnolein and glycerides of less 
saturated fatty acids to olein before the olein is converted to 
stearin, but that this preferential hydrogenation is much less 
marked when the fatty acids are hydrogenated. The authors 
' consider that selective hydrogenation is compatible with the 
Armstrong and Hilditch liypothesis of the formation of unstable 
intermediate compounds between catalyst and unsaturated com- 
pound, and that this hypothesis also explains the formation in the 
hydrogeiKElion of ethyl oleate of ethyl elaidate and of an ethyl 
iso-oleato with the double bond in a different position in the carbon 
chain. 

The methods of producing an active surface on metallic nickel 
are discussed by E. J. Lush.^® A catalyst of very high activity is 
produced by anodic oxidation of nickel turnings in an electrol3rte,®* 
followed by reduction in hydrogen. The catalyst produced in this 
way ^retains its activity for long periods when used for the continuous 
hydrogenation of oil. The results obtained on hydrogenating olive 
oil ^nd cotton-seed oil by means of this catalyst in two different 
ways arc interesting ; when the catalyst is immersed in the oil and 
the oil allowed to overflow the hardened oil resembles that produced 
by means of i)owder catalysts and contains a similar amount of 
iso-oleic acid ;* if, on the other hand, a thin film of oil is allowed to 
drip over the catalyst, the hardened oil (of the same iodine value) 
contains a comparatively small amount of iso-oleic acid. The 

J92;j, 2 Jt. 

' fiV., 1923, ir)T. 

1923, 219t. 

E.P. 203,218 ; J., 1922, 1080a. 
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power of easily controlling the formation of isoy^leic acid afforded 
by this process is, of course, of considerable technical importance. 

The statements of previous observers^’ that tiehydrogenation of 
oil may occur during hydrogenation are supported by W. Normann,** 
who suggests that dehydrogenation may Account for the known 
difficulty of hydrogenation to an iodine value of 0 and for the 
formation of new unsaturated acids during hydrogenation owing to 
the addition of hydrogen atoms to one part and splitting off at 
another part of the molecule. 

Bchydrogenation is stated by A. Broehet^® to occur when hydro- 
genated castor oil Is h' ited with a nickel catalyst at temperatures 
above 150° 0., evolution of hydrogen being most rapid at 2,70°- 
280°. The dehvdrogenatcd product, which differs from castor 
oil, is semi-solid (m.p. 74°, iodine value 20). 

The influejice oi alumina and other oxides on the activity of 
nickel catalysts has been investigated by E. Armstrong and 
T. P. Hilditch,®® who found that co-precipitation of the oxides of 
aluminium, iron (ferric), magnesium, or silicon uj) to about 2% 
increas(‘d the activity of nickel catalysts, but that larger amounts 
reduced activity. Increase of surface is regarded as the chief 
reason for increased activity. 

Somewhat similar results are recorded by 0 . Kita and T. Mazume,®’ 
vlio have studied the effect of the addition to nickel catalysts of • 
from 2 to 1(>% of alumina, magnesia, calcium borate, calcium and 
magnesium })hosphates, sodium carbonate, stearic and palmitic 
acids. Additions made to the catalyst before reduction generally 
increased activity, but sodium carbonate in any proptirfion was 
injurious ; wat(‘r is stated to have no injurious effect on liickol 
catalysts. 

SoArs. 

Although the nuinnfacture of soap has been carried on for many 
years past on an enormous scale it has been to some extent an 
(?mpirical ait rather than a branch of technology entirely controlled 
by science. The recent paper by K. Maclennan®^ on the microscopic 
structure of soap is a most valuable contribution to the technology 
of soap manufacture ; the author has examined microscopically 
soaps of individual fatty acids, and also commercial soaps, by means 
of polarised light, and describes and discusses the effects produced 
by different stages of manufacture, such.as saponification, graining, 
fitting and finishing, setting and maturing. 

J., 1921,397a. 
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Recently mucm attention has been given to^the colloidal and 
physical properties of soap and soap solutions, and results of con- 
siderable scientific* interest and technical importance have been 
obtained, both in this country and elsewhere, by the application of 
modem physico chemi6al methods and views to various problems 
connected with soap. • 

A method of comparing the detergent power of soaps has been 
devised by J. W. McBain, R. S. Hai^bome, and A. M. King,®* based 
on the determination of the amounts of colloidal carbon passing 
through a filter paper of a particular kind when carbon black is 
treated with soap solution under rigidly controlled conditions. A 
reliable test for the comparison of the detergent power of soaps is 
certainly much wanted, and it remains to be seen if the above test 
will furnish concordant results in the hands of different workers and 
will really give a true indication of the detergent value of a soap for 
any particular purpose. 

The use of sodium silicates in soap has been perhaps a somewhat 
vexed question in the past ; it has been discussed by A. S. 
-Richardson®^ and also by W. Stericker.®® The latter author 
considers the use of silicate is justified on account of its effect on 
the lathering and emulsifying properties of the soap. 

For reasons of space it is scarcely possible to deal particularly 
with the numerous interesting papers on the physico-chemical and 
colloidal properties of soap solutions, but mention must be made of 
the following : — “ Ultrafiltration of soap solutions ; sodium oleate 
and potassium laurate ” (J. W. McBain and W. J. Jenkins)®® ; 
“ CoHoidai properties of soap solutions ” (W, Prosch)®’ ; “ Transi- 
tion from colloidal to crystalloidal state ; solutions of sodium 
oleate ” (L. L. Bircumshaw)®® ; “ Surface properties of soap solur 
tions ” (J. F. Carri^re)®® ; ‘‘ Soap solutions : sodium oleate and 
palmitate ” (W. Leeten)’® ; “ Surface tension of alkaline soap 
solutions” (E. B. Millard) ’i; “Behaviour of soap solutions at 
various hydrogen ion concentrations ” (A. Jarisch)’^; “Properties 
of podium salts of fatty acids of medium molecular weights ” 
(C. F. M. von Blamencron).’® 

A comprehensive study of the oleates, stearates, and palmitates 
t7. 1923 373 t. 
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of all the common iuetals has been made by H. l/jones7* When 
dry, metallic soaps are mostly insoluble in water, alcohol, petroleum 
spirit and chloroform, but colloidal solutions are formed by the wet 
freshly prepared soaps. In many cases the technical value of the 
metallic soaps is dependent on retention of "flie colloidal state and 
certaifl waxes are good stabilising agents. The metallic soaps find 
application as driers in paints, in laundering and dry cleaning, in 
ointments and for waterproofing fabrics ; in the latter use they 
act by reason of their colloidal state, adsorbing water and so filling 
up the pores o' the material. 

Fatty Acids. 

The interest in the pOASsibility of converting hydrocarbons into 
fatty acids referred Lo in last year’s Report appears to be sustained, 
judging from the frequent patents referring to this subject, though 
it does not appear that production of fatty acids on a commercial 
scale has yet been attained. The problem is briefly discussed by 
R. Furness.’® 

A useful contribution to the important technical question of the 
saponification of fatty oils has been made by H. M. Langton,’® the 
author discussing the various theories of saponification and recording 
results of investigations on the splitting of tallow, palm, palm- 
kernel, linseed, and whale oils on a works scale. Apart from the 
author’s own results, which are of interest, the paper contains 
numerous references to the work of previous investigators, which 
form a most useful bibliography on this subject. ^ 

The splitting of oils by castor seed lipase has been investigated 
by J. J. Sudborough and H. E. Watson,” who have carried out 
work with various Indian oils, and describe simple methods of 
making active lipase preparations. 

The fractional distillation at low pressure of the methyl esters of 
fatty acids is a well-known and frequently used method of separating 
mixtures of fatty acids, E. Andre’® finds that the separation of 
pure methyl linolate from a mixture of methyl oleate and linofote 
is difficult owing to polymerisation; the highest iodine value 
obtained for methyl linolate separated in this way was 160 (c/. p6»e 
methyl linolate 170*7). 

The various recorded methods for the separation of liquid from 
solid fatty acids have been investigated by W. Meigen and 
A. Neuberger,’* who found that quantitative separations were not 

Ghem. and Met. Eng., 1923, 28, 489 ; J., 1923, 410a. 

« Ghem. and Ind., 1923, 368. 

1923, 61t. 

” J. Ind. Inst. Sci., 1922, 5, 119 ; J.. 1923, 276a. 

’• Gom^ rmd., 1923, 176, 686 ; J.. 1923, 364a, 

^KGhm. Umschau, 1922, 29, 337 ; J., 1922, 944a. 
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attainable in anV case. Precipitation of an aqueous solution of the 
potassium salts ^ ith thallous sulphate resulted in almost quanti- 
tative separation 'of palmitic, stearic, and claidic acids from oleic 
acid. 

The structure of tthe molecule in the various fatty atuds is a 
matter of the highest importance and scientific interest.* The 
application of the X-ray spectrograph to this problem seems likely 
to produce most valuable results. A. Muller®® has investigated 
several of the more common fatty acids and obtained results in 
accord with Friedel’s theory. This work on the application of 
X-ray spectra to the examination of fatty acids has been suni- 
mqrised in a recent communication to the Journal,®^ 

An unsaturated acid, linderic acid, C12H22O2, isolated from the 
oil of Lindera obtusifolia B.L., has been examined and characterised 
by Y. Iwamoto.®^ 

R/. Ehrenstein and H. Stuewer®^ find that isobehenic acid (iso- 
docosanic acid, C21H43COOH) produced by degradation of ligno- 
ceric acid, is identical with arachidic acid from ground-nut oil, 
and that the fatty acid of m.p. C. from the oil of Nephdium 

Lappaceum is w-eicosanic acid, which is also obtained by fusion of 
erucic acid with potash. 

Among the acids produced by electro-synthesis of an aqueous 
solution of potassium suberate and malonate, n-h(q)tanedicar- 
boxylic acid, identical with azelaic acid (produced from castor oil), 
has been idenlified by M. Carmichael.®* 

The methyl, ethyl, acetyl, and benzoyl derivatives of hydroxy- 
stearic a«id, produced by the action of sulphuiic acid on oleic acid, 
have been prepared and characterised by L. G. Radclifie and 
W. Gibson.®® 


Various Less Known Oils. 

It would scarcely be possible to refer in detail to all the recent 
investigations on less known oil-seeds and oils. Kaffir melon 
(“ Tsamma ”) oil from the Kalahari region has been examined by 
C.*F. Juritz®® ; Brazilian “ Coquilho ” (Attalea Junifera) nuts and 
oil by H. A. Gardner®’ ; seeds and oil of Hibiscus cannabinus by 
J^Bekker®® ; oils from the kernel and arillus of seeds of Afzelia 
africana by A. Piedrichs and B. Schmittman®® ; the pericarp nnd 

Chern. Soc. Tram., 1933, 123, 2043 ; J., 1923, 987a. 

« Chem. avd Ind., 1923, 1099. 

KogyO’Kwagaku Zasshi, 1923, 28, 708 ; ./., 1923, 786a. 

J. prakt. Chem., 1923, 106, 199 ; J., 1923, 1031a. 

Chem. Soc. Trans., 1922, 121, 2645 ; J., 1923, 104a. 

J. Soc. Dyers a}id Col, 1923, 89, 4 ; J., 1923, 150a. 

, «« S. Afr. J. Ind., 1923, 6, 67 ; J., 1923, 317a. 

« Circ. 181 U.S. Paint Mfra. Assoc., 1923 ; J., 1923, 728a. 

«» Pharm. Weekblad, 1922, 69 , 1296 ; J., 1923, 22a. 

Z. Unters, Nahr, Qmussm., 1922, 44 , 216 ; J,, 1923, 67a. 
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kernel oils of a species of Sterculia by C. D. V. George®® ; oil of 
Canarium opalum by A. P. West and S. Balco.®^ / 

M. G. Ran and J. L. Simonsen®^ have examihed the oils (and 
identified the fatty acids present) of the following : — Chhroxyhn 
Smetenia, Calophyllum Wightianum, Mimxsops Elengi, Shorea 
robiLstu, Qarcinia Cambogiam. 

The following investigations of J. J. Sudborough and his co- 
workers on Indian oils (generally including the analjrtical character 
of the oils, the composition oi the fatty acids, and information 
relating to the behaviour of the oils on refining, hydrogenation, and 
“ splitting ” by lipase i should also be mentioned. “ Hongay ” 
oil, from Pongamia glabra, by R. B. Desai, J. J. Sudborough, a/id 
H. E. Watson®^ ; oils of Anacard/ium occidentak (■‘ Cashew ”) by 
C. K. Patel, J. J. Sudborough, and H. E. Watson®^ ; oils of 
Calophyllum Wight lamm and Hydmcarpus IT it/Mana by I. Joseph 
and J. J. Sudborough®^ ; “Mohua” oil (from Bassia laiifolia) by 
J. J. Sudborough, H. E. Watson, and D. V. Chandorkar.®® 


Methods of Analysis and Testing. 

The mathematical relationships existing between the different 
analytical “ constants ” of many representative fats and fatty 
acids are fully discussed in an interesting paper by J. Lund.®’ An 
exhaustive comparison of Aschman’s method of determining the 
iodine value of oils, in which use is made of acpieous iodine mono- 
chloride solution, with other methods has been made by B. M. 
Margosches, R. Baru, and L. Wolf.®® As it is necessar^Lo allow 
the mixture to stand for at least 24 hours, or for 6 hours Vith 
shaking if th(^ oil is dissolved in a solvent, it hardly seems that this 
method will find favour when rapid and accurate methods — such 
as that of Wijs — are ali’eady so largely used. 

The endeavour made by D. W. Steuart to work out a method ol 
analysis of fat mixtures of margarines by determination of the sterol 
content of the unsaponifiable matter unfortunately did not lead to 
success, though his paper contains a good deal of information* of 
interest with regard to unsaponifiable matter in the various edible 
oils.®® 


»» Malay Agric. J., 1922, 10 , 284 ; J., 1923, 462a. 

“1 Philippine J. Sci., 1923, 23, 269 ; 1923, 1079a. 

Ind. Forest Rec., 1922, 9. Ptf III. ; J., 1922, 902a. 

‘•3 J. Ind. Inst. Sci., 1923, 6, 93 ; J., 1923, 987a. 

Ibid., 1923, 6, 111 ; J., 1923, 987a. 

Ibid., 1923, 6, 133 ; J., 1923, 662a. 

»» Ibid., 1923, 6, 1 ; J., 1923, 662a. 

Z. Enters. Nahr, Oenussm., 1922, 44 , 113 j J., 1922, 944a. Chem. 
Umchau, 1923, 80 , 74 ; J., 1923, 410a. 

Z. anal. Chem., 1923, 62 , 178 ; J., 1923, 364a. 

•* Analyst, 1923, 48 , 166 ; J., 1923, 462a. 
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The various filters influencing the determination of viscosity by 
means of the Redwood viscometer are discussed by W. H. 
Herschel.^o® Factors for comparison of Redwood, Saybolt, and 
Engler viscosities are given. In view of the fact that rape oil has 
been used as a “ standard ” oil for viscosity work it is of interest 
to note that this oil was found to vary in viscosity by 27%. * 

The work of G. T. Bray and F. Major on the determination of fat 
in casein^^ should serve to show once and for all that fat cannot 
be extracted quantitatively by Solvents from casein powder. 
These authors obtained good results by the Wemer-Schmidt 
method and somewhat low results by the Rose-Gottlieb method. 

Waxes. 

The wax coating the stems of Australian “ cane ” or “ bamboo- 
grass ” {Olyceria ramigera) has been investigated by H. G. Smith.^®* 
In appearance, hardness, and melting point this wax is similar to 
camauba wax. 

Ceryl cerotate occurs in the husks of sunflower seeds, and has 
been obtained by A. Bareuther^®® from the deposit at the bottom of 
tanks in which sunflower seed oil was stored. 

U.8. Bureau oj Standards, Tech. Paper 210, 1922, 227 ; J., 1923, 77a. 

J., 1923, 106t. 

J. 1923 372t, 

• w* Chem. Umschau, 1923, 80, 117 ; J., 1923, 612a. 
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PAINTS, PIGMENTS, VARNISHES, AND 
RESINS. 


By R. S. Morrell, M.A., Ph.D., F.I.C., 

Messrc. Murder Brothers, Wolverhampton, 

The literature of the paint and varnish industry shows a steady 
annual increase, which is indicative of greater interest in the subject 
and of appreciatioii of its importance. The efforts of the U.S. 
Paint Manufacturers’ Association have stimulated the investigation 
of the many problems of the industry. The tendency towards 
standardisation in the United States encourages co-ordination of 
physical and chemical properties with the requirements of practice. 
It is true that many of the specifications under which materials may 
be bought are inadequate and require constant revision. For the 
raw materials of the industry, e.g., oils, pigments, and a few resins, 
success of standardisation is more assured, but when applied to the 
finished products of the industry correlation of physical and chemical 
properties with trade requirements becomes difficult. The spirit of 
standardisation is spreading to this country in a more restrained 
form, being restricted to the requirements of Government Depart- 
ments, which demand compliance with specifications. Many of 
these specifications are accepted by manufacturers with due regard 
to their limitations, but in the case of finished products the require- 
ments are so many and so varied that it would be difficult to lay 
down hard and fast rules governing quality. In the section of 
' this Report dealing with vatnishes, it will be shown how difficult it 
is to guarantee the durability oi films, when so much depends on , 
the quality of the undercoats and on the conditions of appUcation. 

In the survey of the year’s work special reference has been made 
to the sources of the raw material, the supply of which influences ; 
so largely the development of production. There is a tendency to 
explore for new drying oils which will give greater durability and 
better lustre than are obtakied with ’linseed oil.^ The Royal 
. Academy has formed a Committee of artists and scientists td 
investigate the qualities of artists’ materials and the various 
methods of cleaning pictures. It is possible that the peculiar 
property of the yellowing of linseed oil films and the permanence ^ 
pkment colours wOl receive further attention. The importance o$ 
tiu study of the chemical composition of the resins has not b^n 
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neglected, especi\lly the composition and properties of the com- 
ponents of resins nom their many sources. The colloid characters 
ate being carefully considered in accounting for differences in 
properties, which are difficult to explain and where the influence of 
chemical composition appears to fail. The literature on synthetic 
resins is voluminous and their uses are becoming more populai with 
the discovery of special new properties. The Report of the Home 
Office Committee on the use of lead pigments has broadened the 
outlook on the difficulties of the sithation and has probably made 
it easier to construct a policy for dealing with the problem. The 
work of Bingham and Green on the properties of plastic flow has 
raided criticisms on some of the results, but the value of their 
investigations becomes more and more recognised by all students 
of paints. In the varnish section the necessity for improvement 
of analytical methods is great, especially when small samples have 
to be examined. A new method for the separation of drying oils 
and resins is required, with satisfactory identification of the 
separated components of varnishes. Unanimity is desired for 
deciding standard durability tests, especially where organic coatings 
are employed in the protection of metals. 

Drying Oils. 

In an interesting survey of the world s production of flax seed 
and linseed oiU it is shown that during the past four or five years 
Argentina has produced more than half the world’s output of 
linseed. JPrior to 1916 Russia was one of the largest producers of 
flax Seed, but since that year Argentina, British Ii|dia, the United 
States, and Canada have produced 90% of the total supply. 
Although the acreage of the Argentine crop is 1% above the 
pre-war acreage average, yet the crop for 1922 is estimated to 
be 50% greater. In British India (the second largest pro- 
ducer) the average acreage is 20% less than the average pre-war 
area, whilst the supply is dependent on weather conditions. In 
the* United States and in Canada the decline is more marked, due 
partly to the competition of wheat, which is more profitable. 
The United States, Great Britain, France, Belgium, Italy, the 
Netherlands, and Germany crush more than 95% of all 
flax seed entering into national commerce. Prior to the war 
Germany was the largest bet importer of flaxseed, but in 1922 the 
supply had reverted to one-third of the pre-war volume. It is 
estimated that the consumption of linseed oil in 1922 in Europe is 
probably 40 million gallons less than pre-war, but decreased con- 
sumption in Europe is counterbalanced by increased consumption 
in the United States, which imported 19 million gallons in 1922. 

' Commerce Monthly, New York, June^ 1923, 
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Already steps are ^eing taken in the last-named ^oimtry to prevent ' 
the decline of home production. f 

The maintenance of the immediate demand for linseed oil will 
depend in a large measure on widespread continuance of building ^ 
activity, and the permanent maintenance of consumption require- ^ 
ments at a relatively high level seems probable. An interesting 
review of the linseed oil industry has appeared, ^ in which the 
future prospects of the linseed industry are discussed. The 
number of contributions on the drying of linseed oil during 1923 is , 
very limited and the results are not striking. H. A. Gardner and 
H. C. Parks 3 have e^< ained the influence of coloured and ultra- 
violet light on the drying of linseed oil. As would be expected, ^he 
screening of ultra-violet rays by red glass showed a loss of acceler- 
ating effect. F. H. Rhodes and A. E. van Wirt^ have investigated 
the effects of various pigments upon the rate of oxidation of linseed 
oil. Their conclusions are that the drying of linseed oil is an auto- 
catalytic reaction. The real catalyst is the oil itself, and the effect 
of lead salts in accelerating the drying of the oil is due to the fact 
that these salts are pseudocatalysts, promoting the formation of 
the autocatalysts and thus increasing the rate of oxidation when the 
oil is first exposed to air. It is considered by most workers that the 
drier takes the place of the autocatalyst. The lead drier is stated 
to have no marked effect on the total amount of oxygen ultimately 
absorbed by the oil.® The influence of pigments is: — (1) passive, as 
in the case of silex ; (2) reducing the rate of oxidation, quantity of 
oxygen absorbed, and volatile matter liberated as in the case of 
lithopone, titanium dioxide, and barium sulphate figments; 
(3) increasing the amount of oxygen absorbed, when white lead and 
basic lead sulphate are used. Zinc oxide acts as belonging to 
class (1) or (2). The authors state that the results are preliminary. 

From the examination of several hundred samples of commercial 
linseed oil, H. Wolff® has given the average limiting values of the 
analytical characteristics, and states that I.V. (Htibl)=I.V. (Wijs) 
— fI.V.(Wijs)-140]x0-2 holds for linseed oil. 

The same author’ examines the oil obtained from paints by 
determination of its refractive index, which is normally 1-480-1 486. 
A higher refractive index shows the presence of resins, which SSe > 
separated from the oil by the method of Wolff and Scholze.® The 
investigation of H. Wolff afid C. Dom® on the nature of deposits in 

* Chem. Trade J., Nov. 11, 19f3. • 

* H. A. Gardner and H. C. Parka, Circ. 172, U-S, Paint Manujrs. Amoc., 
1923 ; J., 1923, 463a, and J., 1919, 916a. 

*/nd. Eng. Chem., 1923, 16, 1135 ; J., 1923, 1233a. 

*0/. S. Coffey, CAem. Soc. Trans., 1922, 121, 17. 

* Chem.‘Zeit., 1923, 47, 142; J., 1923, 275a. 

^ Farlen-ZeU., 1923, 28, 931; J., 1923,411a. 

•J., 1914, 363. 

,^0U md Colour Tr, J., 1923, 1002. 
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boiled oils and varnishes discloses the already well-known fact of 
the presence of leaii palmitate and stearate and that demucilaginated 
oils have a greater tendency to form separations than mucilaginous 
oils. Nevertheless they do not refer to methods of dealing with 
gum-oircomplexes in i^amishes, which persist after the lead salts of 
the saturated acids have been deposited. E. Andre has ‘found 
that it is impossible to effect a complete separation of methyl 
linolatefrom methyl oleate by distillation in vacuo (2-3 mm.) owing 
to the polymerisation of the former ester on continued heating. 
In view of the possible use of anhydrides of unsaturated acids the 
preparation and properties of the anhydride of linolic acid are of 
intcrest.^^ R. J. Anderson and M. G. Moore^^ conclude that linseed 
oil contains at least two phytostcrols, which differ in melting points 
and optical rotations, but it must bo confessed that the differences 
are not very marked. Cottonseed oil is also stated to contain more 
than one phytosterol. 

H. A. Gardner and P. C. Holdt^^ recommend specifications for 
aluminium stearate, which is used to give body to and to prevent 
settling in ready mixed paints, as well as to confer water-resisting 
properties on washable distempers and to give an egg-shell gloss 
finish to furniture varnishes. There are two papers which were 
omitted in last year’s Annual Report and are worthy of reference. 
D. Holde and collaborators^* recommend the use of Hanus’ reagent 
in the determination of the iodine value of the higher aliphatic and 
aromatic unsaturated compounds.^® The peculiar property of 
glycerides in possessing a double melting point has led A. Griin^® to 

propose two formulae, R.CO.OR and RC<(^q | R to account thereby 

for their unusual reactivity, which frequently resembles that of 
Balts, except in greater slowness of reaction. This proposal is of 
interest in connexion with the different behaviour of the glycerides 
of drying oils compared with the methyl and ethyl esters. 

H, A. Gardner” has patented a process for the chlorination and 
dechlorination by a catalyst of non-drying and semi-drying oils to 
produce drying oils, which are viscous, and still retain 40-60% of 
the chlorine introduced.^® The Badische Anilin und Soda-Eabrik^® 
cBfim the production of drying oils from petroleum and tar oils 

^^Comptea rend., 1923, 176 , 686 ; J„ 1923, 364a. 

“ D. Holde and S. Weill,, Chem. Vmachm, 1923, 80 , 198, 205 ; J., 1923, 
896a, 938a. , • 

“ J. Amer. Chem. Soc., 1923, 46 , 1953 ; J., 1923, 937a. 

Paint Manuf. Assoc., U.S.A., Giro. 182, 1923; J., 1923, 730a. 
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using phosgene. ^The specifications for China wood oil drawn up 
by the A.S.T.M. are acceptable to importers a^d consumers, with 
the exception of the heat test. The modified Browne test should be 
supplemented by that of Worstall, in which the character of the 
solid polymerised gel and its colour can be bbservcd.^® 

Fifrther investigations on the properties of wood oil have not 
contributed much to the knowledge of the subject, and papers by 

J. Marcusson and by F. H. Rliodes and T. J. Potts contain much that 
was previously known. Marcusson^^ has examined the formation 
of the solid iiiodification of j8-elaeostearin and has confirmed earlier 
published work on tnc subject, but the statement that the action 
of air or light on the solid modification produces polymerisation 
requires confirmation, because the white crystalline substance is 
very oxidisable. Similarly the formula of elseostearic acid given by 
A. Vorcruysse^^ is the same as that given originally by Majima. 
Vercruysse found that on oxidation by potassium permanganate 
elseomargaric acid gave an amount of carbon dioxide corresponding 
with four atoms of carbon in the molecule, in addition to azelaic 
and valeric acids. The detection of succinic acid in the presence of 
azelaic and valeric acids had been unsuccessful.^^ F. H. Rhodes 
and T. J. Potts^^ in their investigation of the inhibition of the 
gelation of tung oil state that the efficiency of glycerol, oleic acid, 
rosin, ester gum, paracoumarone resin, and linseed oil are in the 
order given. It must be pointed out that the retardation of gelati- 
nisation of tung oil by glycerin at 280° C. requires the retention of 
glycerin in the system, otherwise the retardation is very slight. 
The presence of free glycerin in wood oil mixings is detrimental to 
the quality of the films. F. H. Rhodes and H. E. Goldsmith^^ have 
determined the variation in the refractive index of China wood oil 
with temperature and fix it at 0*0004 per 1° C. C. F. Mabery^® 
also contributes to the discussion on the heat treatment of tung oil. 

Among the investigations on other drying oils mention may be 
made of papers by C. T. Wang,^’ who advocates the revival of the 
perilla oil industry in China, and considers that its drying qualities 
are superior to those of tung oil, which has so largely superseded it. 

K. H. Bauer^® and R. Hardegg^® independently have examined 
perilla oil by the usual methods employed in the investigatioiTbf 
drying oils. The acids identified were palmitic, oleic (5-7%), 

®®E. W. Fasig, Chem. Abstracts, 1923, 64t). 

“Z. Deuts. OeU u. FeM-M., ^923, 43 , 102 ; J., 1923, a'lSA. 
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Unolic, and Im^enic acids. The oxidation products from the 
potassium permanganate treatment, when extracted by the 
Heiduschka method, gave a mixture of mono-, di-, tetra-, and hexa- 
(normal and iso-) hydroxystearic acids. The authors admit that 
the oxidation method employed is not ideal for quantitative 
work. * 

The marketable supply of oitica (oiticica) oil does not appear 
available, although the oil would be of value for both the paint and 
varnish trades.^ An interesting summary of the fish oil industry is 
given in ( 1 ) an article by P. T. Bruy^re,^' comprising the refining, 
bleaching, blowing, and utilisation of the foots of the oil, and (2) 
a communication entitled “ The technology of fish oils.” Fish oils 
are now largely used, especially in America, in combination with lin- 
seed oil and also as a direct substitute for it. The fish oils are said 
to be more heat-resisting, so that they may be used on iron work 
exposed to relatively high temperature and generally for work in 
which their quick drying and binding qualities are valuable. The 
chemistry of menhaden oil and other fish oils is by no means clear. 
M. Tsujimoto®® ascribes the formula (C22H34O2) to clupanodonic 
acid, which he obtained from Japanese sardine oil by the poly- 
bromide method and the lithium salt acetone method.^^ J. B. 
Brown and G. D. Beal,*® from observations on the methyl esters 
obtained from menhaden oil, conclude that in addition to clupan- 
odonic acid (CigHjgOj), there are present hexadectricnoic 
(CiflH260 2), linolenic, arachidonic (CgoHggOg) ( 4 ), eicosapentenoic 
(C2 oH3(|02) ( 5 ), docosapentenoic (C22H34O2) (fi), and docosa- 
hexa]gioic (O22H32O2) ( 7 ) acids as well as rayristic, palmitic, and 
palmitolic acids. The figures in brackets indicate the number of 
double bonds presumed to be present in the molecule of the acids. 
Careful fractional distillation of the methyl esters indicated the 
presence of Cij, Cjg, C20) and C22 acids and one fraction is 
practically pure methyl clupanodonate. It would appear as if 
some new reagent or some new reaction were required to effect the 
separation of the unsaturated acids of drying oils. W. Meigen and 
A. Neuberger,** in the examination of the quantitative methods for 
th^ separation of solid and liquid fatty acids, consider that the 
methods of Bull, Fjellanger, Fachini and Dorta, and David yield 
approximately half of the liquid acids in a pure condition. They 
state that a quantitative, separation to 96 % of oleic acid from 
stearic acid can be effected by their 'challium salts. 

H. A. Gardner, Pcmt Mmuf. Assoc., U.8.A., Circ, 177, 1923. 

“ Oil, Paint and Drug Rep., 1923. 

^Chem. Trade J., 1922, 666. 
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» J. Amer. Chem. Soc., 1923, 46, 1289 ; J., 1923, 665a. 

Ohm. Umschau, 1922, 28, 337 ; J., 1922, 94iA. 
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A. Eibnor^® maintains that the yellowing of linseed oil films is a 
particular effect of free linolenic acid (produced/by aqueous hydro- 
lysis) or its peroxide. It is noticeable that the yellowing effect is 
not apparent when poppy or nut oil films are subjected to the 
same conditions. 

Th% crystalline bromides of linseed oil have been investigated 
by H. Toms,*® who states that they consist of mixtures of (1)^ 
linolic-dilinolenic bromoglycerido, m.p. 153® C., and (2) trilinolic 
bromoglyceride or oleic-linolic-linolenic bromoglyceride, m.p. 177®, 
in varying proportions. The bromoglycerides have been obtained 
pure by crystallisation Troni ethyl acetate. It is probable that the 
uncertainty of determination of linseed oil by means of its bromo- 
dcrivatives is due to the formation of the above mixtures. Analyses 
of chia, rubber seed, sunflower, and tung oils are contained in a 
report of the Society for Testing Materials.^® It is recommended 
that the treatment of tung oil with lime should be omitted before 
applymg the heat test. 


Resins. 

It is often difficult for the student to find statistics of the pro- 
duction of raw materials required in an industry, especially in that 
connected with the manufacture of paints and varnishes. During 
the year three papers have been published, recording the production 
of turpentine and rosin in America-, France, and Russia. The 
United States provide 60-65% of the world’s supply of turpentine 
and 70% of the rosin, of which 35-40% of the turpentine and 30% 
of the rosin are used in that country. England is the second* great 
consumer of those materials. The distribution of turpentine in 
industry is as follows : paints and varnishes require 48% ; paint 
and varnish thinners, 40% ; polishes for boots, eto., 6% ; pharma- 
ceutical preparations, 2%, and other uses, 4%. The distribution 
of rosin in the various trades is ; soap industry, 42% ; paper 
industry, 25% ; paints and varnishes, 17% ; linoleum, 3% ; rosin 
oil, pitch, and printing colours, 6% ; other uses, 7%. The distri- 
bution in England is practically the same as in the United States. 
The export of turpentine from the United States was 9,864,000 
gallons and 799,000 barrels of rosin, which is a reduction on the 
pre-war export. Wood rosin obtained by extraction from pine 
stumps is now offered from America." ’The output ^of turpentine 
and rosin in France has increased compared with pre-war figures. 
In 1913 25,000 metric tons of turpentine and 85,000 metric tons of 
rosin were produced. In 1922 the turi>entine output had ru^n to 

»*Bcw/er. Ind, GewerUblaU, 1922, 64, 105, 113, 117 ; J., 1923, 190a. 

»» Oil and Col Tr. J., 1923, 2041. 

^Pfoc. Amer. 8oc. Testing Malmale, 1922, 22, 1., 367. 

" F. Qoldfiohmidt. OeU und Fettind., 1923. 42. 370. 
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32.000 metric tons and the rosin to 118,000 tons. France now 
produces one-sixth ^)f the world s output and 28%^ of tho turpentine 
with 50% of the rosin of the French crop are exported from the 
country.^ The temperature coefficient of the refractive index (%) 
of American turpentine is 0-000468.^^ An interesting summary 
of the production of Russian turpentine is given by B. Smirnpff.^^ 
At the present moment the All Russian Co-operative Union of 
Wood-Working and Wood-Converting Associations, “ Vsekoless,” 
has succeeded in uniting the majority of producers. According to 
the author of the paper, the system of specifications and trade marks 
to be adopted will remove all doubt as to the exact nature of any 
braiid of Russian turpentine offered. Tho varieties are : virgin 
dip (from Archangel only) ; steam -produced (by the action of steam 
on stumps) ; retort-produced ; boiler-produced and pitch turpen- 
tines. Each class has a number of varieties with a total of 21. 
For details the original paper must be consulted, in which will be 
found fractionation values, specific gravities, and colour grade of 
the varieties. 

In continuance of the statistics of the production and sources of 
resins, reference may be made to the export of copal from the Congo 
region and a recent re])ort on the kauri industry of New Zealand. 
Tho export of copal from tho Congo to Antwerp in 1922 was 

13.000 tons (35 million francs), but in 1923 a reduction is expected, 
because of the exhaustion of stoclcs in the Congo region.'*^ 

A useful r('.port on the kauri industry of New Zealand is to be 
found in the Bulletin of the Imperial Institute (1922, p. 331). Tho 
presept-daj aim is to recover all the gum that the land contains, 
evendown to tho finest particles. In tho modem methods of 
obtaining the resin, the soil is puddled with water and sieved through 
various meshes, using mechanical agitators, or the swamp material 
after being mixed with water is raised by an elevator into a special 
disintegrator for breaking up the soil only, and the gum passes into 
cylindrical screens of diminishing mesh. The gum is purified by 
the Maclaurin process, which consists of treatment with a brine 
solution {d M5), in which the gum floats. The grading depends 
pq^ly on colour and on the place of origin. The bleeding or tapping 
of the living tree {Agathtis australis) is forbidden in the State 
forests. Of the exported kauri, 60%, usually of low grade, is used for 
linoleum. The total export in 1920-21 was 6131 tons, of which the 
United States took 3224 tons, valued at £345,992, and the United 
Kingdom 2554 tons, value £149,422. The Report of the Com- 
mission of 1921 recommends that there should be a standard 

t 
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grading for export, the methods of recovering gum from gum- 
bearing soils should be improved by the introduction of more 
efficient methods, by the use of washing plants and the application 
of the Maclaurin process. Further scientific investigations should 
be carried out on the effects of “ bleeding ” tiees, on kauri peat, and 
on all»the products of the kauri forests. When kauri peat is distilled 
40 gallons per ton of peat is obtained, which on fractional dis- 
tillation gives 10% of a motor spirit, 80% of heavier oils, and 10% 
of pitch. The black peat above the so-called kauri peat on 
distillation gives 20-30 gallons of oil per ton of peat. 

A. H. Gill and D Ni^^hida^® have contributed some notes on the 
oil from kauri copal, rhe observations are evidently of a prelim- 
inary character, but it is stated that the middle and higher 
fractions of the oil, unlike rosin oil, gave no retene. 

In the investigation of the chemical composition of the natural 
resins further work on amyrin from manila resin has been carried 
out by A. Rollett and K. Bratke.^’ They have obtained from 
jS- amyrin by oxidation with potassium persulphate crystalline 
hydroxy-j8-amyrin acetate C30H47O.CO.CH3, m.p. 291°-292° C. ; 
also hydroxy-j8-amyrin (cryst.) C30H47O.OH, m.p. 200®-201°C., 
which on oxidation by chromic acid yielded hydroxy- j5-amyrone, 
C30H40O2, m.p. 216°-217°C., which yields an oxime. 

H. JanschandP. FantP® continuing the work of Wallach, Clover, 
Seramler and Liao, have examined the crystalline solid occurring in 
the clemicin fraction (b.p. 140°-150® at 10 mm.) of elemi oil and 
have shown it to bo a bicyclic sesquiterpene alcohol (a-elemol 
CisHgflO) with only one double bond. It is isomerised jfo j3-elemol 
(monocyclic terpone alcohol) during benzoylation. On reduction by 
zinc dust a-elomol yields elemane, CjgHge (b.p. 115°-119° C.). 

J. L. Simonsen^* concludes from an examination of the essential 
oil of BosweUia serrata that d-a-pinene is not present, as stated by 
Pearson and Puran Singh in 1918, but that the essential oil consists 
of a-thujene (b.p. 152°- 155° C. at 699 mm; a 20 == 37-69% 
1-4502). The same author®® has investigated d-longifolene 
occurrmg in the higher boiling fractions of Indian turpentine. 
d-Longifolene is a sequiterpene, but not a naphthalene derivative. 
On oxidation it yields two isomeric longifolic acids (C14H22O5). 
Further oxidation gives small quantities of a-dimethylsuccinic acid, 
and from the main bulk of the oxidation product a crystalline 
orthodiketone (d longif-1.2-di9ne), CjgH'ggOg, was isolated. 

A recently issued Bulletin (No. 142) of the Agriculfural Research 
Institute, Pusa, by C. S. Misra, contains an account of the culti- 

*8/nd. Eng. Chem., 1923, 16, 1276; Abs., 1924, B, 63. 

« Monatsh,, 1923, 48 , 686 ; J., 1923, 574a. 

« Ber., 1923, 66, 1363 ; J., 1923, 799a. 
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Chem. Soc. Trans., 1923, 128 , 2642 ; J., 1923, 1247a. 



328 ^ BSPoaTS or the, proobess of applied ohbmistby. 

yation of the laii insect in the plains of India^ including its life 
history and the Dijanufacture of shellac and other phases of the 
subject. No outline can do full justice to the Bulletin, which all 
those who are interested in the subject should obtain for them- 
selves.**^ H. Vollmann®* gives a summary and review of the recent 
work of Harries and Nagel, Tschirch, Aschan and others on the 
constitution of shellac and of the conifer resins. The production 
of shellac and its decomposition products have been discussed by 
A. Tschirch.®® The shellac resin and wax are considered to be 
built up by the lac insect and not absorbed ready made from the 
plant. The red colouring matter has its origin probably in the 
activity of red bacteria in the body of the insect, the resin being 
secreted from glands distributed over the whole surface of the 
insect, while the wax is secreted from localised glands. The 
chief products of successive extraction of stick-lac with water, 
alcohol, xylene, and caustic soda are laccaic acid (C20H14O10 ) ; an 
acid resin containing ‘an ether-insoluble volatile odoriferous 
crystalline substance, also golden-yellow erythrolaccin (C]5Hjo05), 
soluble in ether, related to emodin, aleuritic acid, CieH3305 (in- 
soluble in ether), wax, and a third dye-substance related to the 
laccaic acid located in the body of the insect. 

C. Harries and W. Nagel®* have continued their investigations on 
the nature of shellac and have isolated shellohc acid (shellene- 
dioldicarboxylic acid, CigHgoOg), which is an ui\saturated di- 
hydroxycarboxylic acid. They conclude that it is very improbable 
that shellac resin is the aleuritic ester of a higher alcohol, since no 
trace of tl^e latter could be detected, and as the resin does not con- 
tain *Jree acid, it appears probable that the shellac molecule is 
composed of hydroxy-acids united in the form of lactides. For one 
of the simpler components they suggest the following formula : — 

°^)>C,A,(0H)C0-0C„H„(0H)<^9<> 

(aleuritic acid). (shellolic acid). 

the composition of which is closely similar to that of the pure resin, 
P. H. Walker and L.L. Steele®® have discussed the production of 
stj^llac and its grading and have drawn up specifications for orange 
shellac and orange shellac varnish. The paper is worthy of careful 
reading in view of the many inadequate specifications in use by 
purchasers of the resin. The commercial grading of shellac is based 
generally on freedom from rosin anrf dirt and on the colour of the 
resin flakes. The Liebermann-Storch reaction is sensitive to about 

and Col. Trades J., Sept. 15, 1923. 

“ Fa/ihm-ZeiU, 1923, 28, 486, 662. 

CAem. Umachau, 1922, 29, 349. 

« Ber., 1922, 55, 3833 ; J., 1923, IOSa. 

U.8, Bureau of Standards Tech. PapsTt 232, 1923 J., 1923, 563a* 



PAINTS, FIOMBNTSi VABNlSHESf AND BESIN3. 829 

D% rosin content^ Walker and Steele recommend the use of the 
Halphen-Hicks reagent for the detection of rosi|l, but it is doubtful 
as to whether it is superior to that of liebermann and Storch. 
Wijs’ method for the determination of the iodine value is now 
considered to be inapplicable to shellac sdutions. The authors 
recommend Mcllhiney’s process®* for the determination of the rosin 
content of shellac. For further details of the specifications the 
original paper may be consulted with advantage. 

F. Simion®’ calls attention’ to the comparative neglect of the 
study of natural resins by scientific workers. Innumerable pro- 
blems remain to be soI\ ed in connexion with the natural resins, and 
it may be prognosticated with certainty that every advance in, the 
scientific knowledge of these materials will be directly accompanied 
by equally important developments in their technical application, 
When it has been determined which of the components of the 
natural resins are the cause of certain valuable properties (hardness, 
elasticity, resistance to chemical reagents, electrical insulating pro- 
perties) and which act as a ballast or even retard the desired effect, 
it will then be possible not only to determine the value of a resin 
by analysis, but also to prepare lacquers and insulating materials 
of hitherto unknown excellence.®* It will be some time before 
the expectations of Simion will be realised, but there is no doubi 
that further investigation of the resins will bring a valuable reward, 
The following investigations in the paper are worthy of mention ; 
the results of two methods of the determination of the solubility 
of copals in alcohol are stated to give results with an error of only 
0*6%. The changes in the copals on melting are of i»terest, and 
although the author states that the running of copals has nof beesr 
scientifically investigated, yet there is much more known in th< 
trade than the author imagines. Attempts to remove the darl 
colour of acaroid resin have not been successful. The red acaroic 
is bleached only temporarily, especially in acid solution by reduction 
and the solution soon acquires a red colour much more rapidly thai 
in the case of a bleached solution of the yellow acaroid resin 
C. H. Moulder and F. P. Gulley®* describe a method of treatment o: 
Xanihorrhm gums for the production of dyes and stains. 

In view of the restricted data as to the composition of resins, tB8i 
classification and analysis can only be approximate. P. C. Holdt 
H. A. Gardner, and P. E. Jameson*® propose a classification bi 
determination of the resin acids and unsaponifiable, matter and o 
the solubility of these fractions. Group 1 contains resins complete! 
soluble in alcohol and benzol (1 : 1), and consisting almost entirely 

J., 1908, 679. 
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of saponifiable fr^ resin acids with small amounts of volatile and 
unsaponifiaWe mattpr. To this group belong kauri, manila, ponti- 
anak, Borneo, and the live conifer resins (rosin and sandarach). Group 
2 contains Zanzibar, Mozambique, Madagascar, Brazil, Congo, Sierra 
Leone, Angola, Bengue?.a, Accra and other West African copals, 
consisting of saponifiable resin acids (soluble in alcohol-benzol)* and 
an unsaponifiable portion insoluble in any known solvent. Group 3 
contains East Indian copal and black dammar with an unsaponifi- 
able portion soluble in benzol, insoluble in alcohol, and containing 
a relatively smaller amount of saponifiable matter. Groups 1 and 2 
are further divided into sub-groups, characterised by different 
limiting values. With certain resins considerable differences were 
found between the direct and indirect acid values ; this is usually 
designated as the ester value, but the authors believe that the 
differences are due to aldehydes and call them aldehyde numbers. 
The Circular contains a complete bibliography on varnish resins. 

An investigation on the components of two forms of amber, 
succinite and gedanite, has been carried out by A. Tschirch, 
E. Aweng, C. de Jong, and E. S. Hermann.®^ They find the two 
forms are alike in regard to chemical composition. The method of 
separation of the component acids is on the usual lines, and the 
alcohol-insoluble portions of the resins when hydrolysed with 
* alkali give succinic acid (2%), and sucoino-resinol (3%) CigHgoO, 
leaving a residue of succino-resene, CgjHggOg, m.p. 324° C., which 
is 65% of the original amber. The resene is indifferent to alkalis 
and insoluble in solvents except aniline, pyridine, and phenol. 
Amber differs markedly from recent conifer resins in this high 
proportion of the resene. The possibility of the formation of a 
resene from rosin is an interesting speculation. 

Among the communications on colophony Schorger®^ has adduced 
evidence to show that the crystallisation of rosin is not due to 
hydration,®® and that rosin does not consist of abietic anhydride.®® 
0. Aschan and H. Karstrom®® state that the specific rotation [a^^J 
of some colophony acids varies between -1-5° and -1-67° in 
benzene (in alcohol the variation is less), but a specimen obtained 
from Finnish varieties was strongly laevorotatory. F. P. Veitch 
ani W. F. Sterling®® point out the importance of considering 
the changes in powdered rosin when exposed to the air or even in 
closed containers, such as are used for storing laboratory samples. 
The changes are not solely due to oxi^tion, because of the presence 
of an anhydridb. In six weeks the acid value had fallen 8 units, the 

« Helv. Chim. Acta, 1923, 6, 214 ; J., 1923, 278a. 
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saponification value had increased by 8 units, and the iodine value 
had fallen 55 units. The softening point of t^e rosin had risen 
nearly 12° C. It is of importance for analysts to powder the rosin 
immediately before examination. The glyceryl esters of rosin are 
reviewed by A. Murray*’ and H. Wolff*t and details for their 
prepj^ation are given. The statement that the presence of zinc 
oxide, zinc dust, zinc carbonate, or a galvanised surface of the 
melting pot accelerates the esterification,®® must be accepted with 
reserve, as the temperature of ‘esterification is an important factor 
in the reaction. 

The investigations on the changes of state from the aspect of 
aggregation and solubility form the subject of papers from several 
investigators. H. Wolff in an investigation of the solution o{ lac 
in sodium carbonate, borax, etc., ha^s confirmed observations by 
A. P. Laurie and C. Ranken,’® and concludes that the solution 
process is of the nature of peptisation in the presence of alkali and 
that hydrogen ions, acting as coagulants, cause the loss oi solubility 
of bleached shellac, unless it is kept under water M. de Keghel’^ 
discusses the mechanism of polymerisation and depolymerisation of 
resins. The resins, when exuded from the tree, consist of acids and 
esters forming a disperse phase in a polyhydric alcohol sol (so-called 
copal oil) in the form of elements of irregular dimensions called 
“ particles.” Each particle consists of a nucleus (granule) of ultra- 
microscopic dimensions and a variable number of molecules of esters 
and acids. The particles possess Brownian movement and the 
granules tend to join together, the surrounding layers of esters and 
acids disintegrating thereby. These changes constitute piaturation. 
When they have proceeded far enough the resin sets to a soffr mass 
and the colloidal state is destroyed. The subsequent hardening is 
due to the polymerisation of the esters ; the degree of hardness 
depends on the state of polymerisation reached. Time, temper- 
ature, and pressure are secondary factors. By heating under 
conditions to prevent dissociation the resins can be softened to 
practically the same condition as when they were flocculated. If 
the softened resins be heated in water in an autoclave at gradually 
increasing pressures and for progressively increasing lengths of time 
they can be heated far above their mitial melting point without a*} 
signs of incipient fusion or deformation and change in colour, bul 
with a decrease in the acid value and saponification value anc 
increase in iodine value an^ softening temperature. Demeran 
resin after several treatments at 344° C. and 38 atifi. for 300 hrs 
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iacquires values approaching those of amber. J)e Keghel infers 
that the various r^ins are of the same nature, but have reached 
different stages of polymerisation. C. Harries^® suggests the use of 
the terms aggregation and disaggregation to replace polymerisation 
and depolymerisation. Harries and W. NageH^ have described two 
forms of purified shellac resin, identical structurally, but differen- 
tiated only in the state of aggregation, one form being easily soluble 
in alcohol and easily hydrolysed by alkali, whereas the other form 
is insoluble in alcohol and hydrolysed with difficulty. The forms 
are interchangeable by reagents, e.g., acetic acid will transform the 
inactive into the active form, whereas the active modification 
is made inactive by ether containing a little hydrogen chloride. 
The inability of one product to enter into chemical change is attri- 
buted to the mechanical arrangement of the particles in such a 
manner that an inadequate point of attack is offered to the reagent. 
The vulojmisation of rubber is attributed to the displacement of the 
aggregation of the particles. The alteration of dispersion of resins 
in solution by small quantities of reagents is well known, but the 
observations of Harries and Nagel are of interest in showing 
differences in the chemical properties of states of aggregation of a 
resin. 

H. D. Wright and W. 0. Kermack’® state that the power of 
gelatin to protect gum benzoin against precipitation by sodium 
chloride solution depends onpHand is at a minimum at the isoelectric 
point. Precipitation by acids depends essentially on the concen- 
tration of the hydrogen ions. The amount of salts required to 
precipitate* 1/he gum increases with the hydrogeil ion concentration. 

H. Dubovitz’® has examined changes in the values of oil when 
destructively distilled to yield the-stearine pitches. The compo- 
sition of the pitch is undecided, although the conclusion as to the 
presence of characteristics of the fatty oil in the pitch holds true. 

Bubber latex precipitates and dispersions are of interest to all 
manufacturers of water paints, and a study of their properties is 
worthy of consideration. Some notes on the Calvert process’’ 
show that the latex may be treated m such a way that the particles 
a^.^retained in the subivided form in which they exist in the latex. 
Each particle becomes coated with a condensate of the natural 
serum. 

; To those interested in th^ properties of the hydrogenated products 
of benzene, naphthalene [e.g., hexahydro-phenols and -cresols, 
hexaline and heptaline, tetra- and deca-hydronaphthalenes), useful 
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summaries of the^ properties are given by N. Heaton’® and Wel- 
wark.’® The valuable properties of these sj)lvents ‘make thdr 
investigation a matter of importance, and the initial difficulties 
with regard to their use will be overcome. Hexaline and hept- 
aline possess the property of forming » clear mixtures with 
aquoDus soap solutions of the usual fatty acids, which mixed 
solutions possess remarkable solvent and emulsifying powers for 
fats, fatty acids, mineral oils, or waxes. It must be mentioned 
that a colour reaction for decaline in turpentine is unknown and 
4% is the minimum amount which can be detected by the use of 
Salvatcrra’s method.®® 


Synthetic Resins. 

Progress in the manufacture of the phenol resins is the subject of 
a paper by L. V. Redman.®^ He describes the application of 
laminated phenol products, Bakelite-Dilecto, Bakelite-Micarta, 
Laminated-Redmanol, Formica, Condensite-Celeron, and Fibroc, 
for the manufacture of octagonal plating-barrels in cyanide solutions 
and non-conducting conveyor-chains in cyanide plating. The 
laminated phenol products have sufficient resistance to cyanide 
solutions to give good life and wear in this mechanical-chemical 
operation. The pure phenol resins are unaffected by hydrofluoric 
acid and furnish transparent vessels for measuring cyffiiders and 
conductivity cells for acid. The woven laminated phenol resins 
are rapidly replacing other materials for silent gears, for resisting 
dampness and the corrosive effects of cleaning maferials, and 
replace raw hide gears wherever rodents are a possible mbnace. 
They are also used in accurate gears for vernier adjustments on 
high-class radio phonographic motors and in printing presses. In 
the automatic telephone the laminated phenol resin products have 
replaced hard rubber as the insulation used in automatic piles, since 
the phenol resins when properly made have no “ cold flow.” These 
mechanical properties of rigidity or non-flowing under pressure 
from’ bolts and screws have given the phenol resins a very extended 
use in the radio industry. A further interesting mechanical 
application is the replacement of porcelain by phenol plastfCb, 
wherever violent shock is liable to break porcelain, as in the dis- 
charge of high-power guns on battle-ships. 

In order to establish the proper temperature of “ curing ” of the 
phenol resins, the General Electric Co.“ incorporate a dye in the- 
resin which undergoes change in colour as the temperature rises. 
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L. Behrend®® states that the Albertole resins have proved as 
satisfactory as nat«aral resins for the production of oil or other 
varnishes. An interesting development in the manufacture of 
synthetic resins is communicated by F. Folchi,®^ who has condensed 
naphthalene with foriiialdehyde and concentrated sulphuric acid 
at 80° C. The condensation product obtained is soluble in 
turpentine.®® The furfural resins are reviewed by J. P. Trickey, 
C. S. Miner, and H. J. Brownlee,®® who gives a general survey of the 
subject and of the use of acid and alkaline catalysts. 

Furfural and phenol with hydrogen chloride as condensing agent 
give insoluble and infusible resins. Aniline with an alkaline 
ooniiensing agent gives a resin soluble in alcohol, which stains 
wood a mahogany colour. A. Bobuis®’ gives a review of the 
synthetic resins prepared by the action of aliphatic aldehydes with 
aromatic hydrocarbons, amines, and phenols. The number of 
patents issued dui'ing the year is large. Farbw. vorm. Meister, 
Lucius, u.Bruning®® are, perhaps, the most important contributors; 
their specifications comprise condensation products from ethylene- 
glycol monoaryl esters and condensation products of phenols with 
aldehydo- and keto- carboxylic acids, and formaldehyde with 
aryloxyacetic acids, also aromatic hydrocarbons with formalde- 
^ hyde and other aldehydes. The ethyleneglycol monoaryl esters with 
formaldehyde give resins valuable in the rubber industry for con- 
ferring elasticity on other synthetic resins. There are recent 
patents involving condensation of methylene chloride and phenol,®® 
formaldehyde and urea, thiourea, etc.,®® formaldehyde conden- 
sation products with phenols using sodium thiosulphate as con- 
densing agent,*® and resins from glycerol and dibasic acids.®® A 
connexion between resinification and chemical constitution has 
been investigated by W. Herzog and J. Kreidl.®* They indicate 
the presence of resinophoric groups, C : C.C : C, N : C : C : and 
; 0 : C.C : N. For example, dibenzylidene-acetone when heated to 
180° C. in carbon dioxide gives a resin ; phenylketimine, 
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•CjHsN : C : CH2, ,is easily resinified, likewise acroleinmethylamine, 
CH2 : CH.CH : NH3, is readily polymerised. ^ 

A. Eibner®® reviews the investigation of the relationships between 
resinification and chemical constitution as well as the general 
development of the artihcial resins. An iiiteresting summary of 
the manufacture and properties of the coumarone resins is given 
by E. Farber.®® It must be pointed out that the purified resins as 
ingredients of lacquers, paints, varnishes, and printing inks must be 
completely free from sulphuric acid. Although 10,000 tons was 
produced annually in Germany during the war, there has been a 
marked reduction in c’itput of late. Nevertheless, the polymeri- 
sation of coumarone and its associate substances can be effect(jd in 
so many ways and lead to the formation of such divergent 
products as to offer a wide field of research for placing on a scientific 
basic the laws go^cming the empirically established processes of 
manufacture. 

E. Rnoevenagel and K. Konig®’ describe the conversion of solu- 
tions of cellulose acetate by small quantities of sulphuric or 
sulphoacetic acid, in the complete absence of moisture, into an 
insoluble modification with little or no loss of acetyl value and a 
slight decrease in the copper value. 

Pigments and Paints. 

J. Milbauer and K. Kohn®® have continued their investiga- 
tions on the conditions of production of chrome yellow. In an 
earlier communication the authors investigated t]je system: 
PbS04-[-K2Cr047^PbCr04-|-K2S04, and concluded that? the 
interaction proceeded almost completely from left to right and that 
the existence of lead sulphochromates in the pigment was unlikely. 
It has now been shown that the brightest preparations are obtained 
if a solution of lead nitrate or acetate be added with constant 
stirring to a dilute solution of potassium chromate and potassium 
sulphate or sulphuric acid and the precipitate quickly separated 
fronr the mother liquor, The precipitate immediately after forma- 
tion bears a definite relation to the contents of the original solu- 
tion, the ratio PbCr04/PbS04 : K2Cr04/K2S04 being constant. Sfee 
precipitate consists of minute rhoiAic mixed crystals of lead 
sulphate and chromate, and the characteristic brightness of the 
product is due to the formation of a tfolid solution of these two 
compounds. It is important to encourage rapid Reparation and 
washing of the precipitate to preserve the lead sulphate from the 
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action of chromate ions in the mother-liquor. The darkening of 
the pigment is attrijsuted usually to hydrolysis of the lead chromate, 
but no satisfactory explanation has been given as to why lead 
sulphate reduces hydrolysis and contributes to the fastness to light 
of the pigment ; perhaps it is more correctly attributed to the 
formation of isomorphous mixtures and solid solutions of lead 
•sulphate and chromate, as shown by microscopical studies of the 
crystals and of the action of various solvents thereon. 

A patent for the preparation of chrome pigments appears under 
the name of N. Underwood.*® E. Renkwitz^®® has shown that the 
ignition temperature of chrome green containing 20% of Prussian 
blue and 80% of lead chromate is lower than that of mixtures con- 
taining more or less blue pigment. The addition of 2% of vaseline 
oil to the green pigment increases the ignition temperature beyond 
the danger point, i.e., 238° to 246° C. ; the same rise in temperature 
is caused by the addition of large quantities of inert material, such 
as barium sulphate. The temperature of ignition of Prussian blue 
is 234° C., and the addition of small quantities of ferrous sulphate 
lowers the ignition temperature. Of all the processes for the 
manufacture of Prussian blue that for direct production from coal 
gas is claimed by A. DelcUve^®^ to be the cheapest. The principle of 
the method can be expressed by the following equations : — 

2M.OH-f FeS04=Bte(0H)a+M4S04 ; Fe{0H)a+H8S-FeS-{-2H20 ; 

FeS -f 6HCN +4M.OH =M 4 Fe{CN)a +H .S -f 4H ^0 
(M.=Na from sodium carbonate). 

In order to avoid harmful secondary reactions, air is bubbled 
vigorously through the suspension of ferrous sulphide and the 
ferroeyanide, whereby the ferric oxide and sulphur formed are 
separated. The coal gas used must be free from ammonia. It is 
claimed that the process recovers the whole of the hydrogen 
cyanide, and avoids in the iron oxide purification mass the for- 
mation of compounds inert to hydrogen sulphide and the 
.production of valueless thiocyanates. 

t"' The discussion on the darkening of lithopone and zinc sulphide 
still continues, and the investigations by several workers published 
during the year indicate progress towards the attainment of a 
generally satisfactory explanation. ' A. Job and G. EmschwiUer^®® 
consider that the darkening of zme sulphide is dependent on the 
phosphorescence and hygroscopicity of the sample and is due to 
the formation of zinc and sulphur, Hydrogen and zinc penta^ 
thionate are also formed, hydrogen sulphide being an intermediate 
product. On the other hand, A. Schleede^®® states that there is no 

•W.S.P. 1,441,612; J., 1923, 236a. 
iw Farben^ZeU., 1928, 28, 1066 ; J., 1923,. 609a. 

et Ind., 1923, 10, 632; Ab»., 1924, B, 6. 
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j;»lationship between capability of blackening and phosphorescence. 
Pure zinc sulphide blackens very little, but the|)re8ence of chloriijes 
facilitates darkening. 

Steinau'®* considers that the presence of a chloride is essenti^dtc 
the production of a lithopone with good physical properties. The 
purification and preparation of the zinc solution is a very important 
stage in the manufacture of lithopone, deciding the whiteness of thS 
product, whilst the covering power and softness are governed by 
the precipitation and calcination processes. The tendency ol 
lithopone to blacken is due, according to Schlcede, to the sulphicU 
and halide crystallising^ together. When zinc sulphide is exposed 
to ultra-violet light it always blackens, irrespective of the percentage 
of halogen and heavy metal, if the sulphide be of a crystalline 
nature. ^ 

E. Maas and R. Kempf consider that none of the hypotheses 
put forward is completely explanatory. They maintain that the 
blackening of lithopone is due to calcined zinc sulphides anc 
conclude that the phenomenon is caused by the zinc sulphide 
forming zinc disulphide and finely divided metallic zinc on the 
surface of the mass.^®® Blackened lithopone brightens in the darl 
due to the oxidation of the metallic zinc, but the lithopone remaini 
black if no oxygen be present. Amorphous, freshly precipitatec 
zinc sulphide is not sensitive to light, neither is zinc sulphide 
which has been ground in a mortar, because this treatment woulc 
disturb the lattice arrangement of the substance. A. Eibner^® 
states that the presence of chlorine is not the cause of the darkening 
of lithopone, but it decreases the light-proofness by /fombinatioi 
with heavy metal impurities to form sensitive sulphochlorides. Tlw 
discoloration of lithopone in light is strictly a chemical reaotioi 
caused by the phosphorescence of calcined zinc sulphide in actini 
illumination, which in turn catalyses the formation of colourei 
sulphides of heavy metal impurities. The bleaching of lithopcm* 
discoloured by light occurs through the oxidation of the heavj 
metallic impurities. Light-proof ness is obtained by removinj 
from^the original zinc solutions all heavy metal impurities. 

It would appear as if the blackening of lithopone were connect* 
with the presence of heavy metallic impurities and the degree « 
calcination of the zinc sulphide, but further investigations an 
required to establish unanimity as to the causes of the blackening 
The literature on the titafuum pigments includes a paper b; 
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E. 0. Kasser,^®® who reviews the present knowledge of the pig- 
ments.^®® He statp that they are inactive towards oil and to 
pigments used in paint and varnish industries. No mention is 
made in the literature of the titanium pigments of the oxygen- 
absorbing powers of the. titanium dioxide salts, with the production 
of the yellow higher oxides, especially in the presence of hydrogen 
peroxide. The production of titanic acid is the subject of patents 
by C. Weizmann and J. Blumonfield.^^® The last traces of iron 
from the ilmonite product are removed by washing the precipitated 
titanium hydroxide with acidified water containing a small quantity 
of the salts of tervalent titanium. H. Olsen in a review of the 
subject states that titanium paints are almost unaffected by 
’ weather and acid vapours. 

The use of titanium pigments has stimulated interest in the 
determination of the metal. L. E. Barton^^^ gives a method for 
determining barium sulphate and titanium dioxide in “titanox,” 
with directions for the analysis of mixed pigments containing 
titanium. 

In the manufacture of zinc oxide the coloured oxides of load and 
cadmium can be removed by adding sulphuric acid and roasting not 
above 820° C. for 30 minutes. Basic zinc sulphate decomposes at 
765° C., whilst 6 Pb 0 , 5 S 03 and 5 Cd 0 , 4 S 03 decompose at 878° 

The value of- the vermilion produced in China (Hong -Kong) is 
1,800,000 Hong-Kong dollars. The industry is one of the oldest 
and best known in China and 90®(> of the output is used in the 
country.^^* 

In connexion with the problem of the poisonous action of lead in 
paints; J. J. Fox^^® has communicated a paper on the solubility of 
lead compounds used in paints. An order of the Secretary of State 
under the Act of 1920 lays down that “lead compound shall mean 
any compound of lead other than galena, which when treated at 
the ordinary temperature with 1000 times its weight of hydrogen 
chloride (0*25%) shall yield a quantity of soluble lead compound 
exceeding 5®/o (calc, as PbO) of the portion taken for analysis.’* 
This requirement has been effective in the pottery industBy in 
dealing with lead silicates, but its application to the paint industry 
ia*3pen to criticism in view of the preponderating influence of the 
dust factor in lead poisoning. It must be admitted that the 
Government limit of 5% is more generous than the percentage (2®/o) 

Chem.-ZeU., 1923, 47, 460 : J.y 1923*, 729a. 

“V., 1922, 216r. 

«»E.P. 203,352 ; J., 1923, 1070a. 

^del-Erden u. Erze, 1923, 4, 1. 

Oil and Chem, Rev., 1923, 76, 10. 
and Col Tr. J., Dec. 2, 1922. 

102 Tr. J., 1923, 616. 

ph/yd^ Col. Chem. Assoc., 1923, 6, 129. 



PAINTS, PIGMENTS, VABNISHBg, AND BBSIN8. 


339 


agreed on between the master painters and the Home Office, es- 
pecially when red lead was not included among lead compounds 
(Annual Report, 1923). 

The Report of the Home Office Committee^^® contains a number 
of recommendations and conclusions, some of which are subversive 
of the labours of previous committees. For outside painting and 
for certain kinds of inside painting there is at present no efficient 
substitute for lead pamt. The Geneva Convention is recommended 
for legislative sanction with S(..me modifications and regulations to 
deal with the combined use of lead paints. The cumulative effect 
of the evidence since 1913 is that there has been a marked increase 
of cost involved in the maintenance of external surfaces paipted 
with a non-lead paint. The Committee is satisfied that the dangers 
attendant upon tho use of lead paint can be minimised by regulations 
providing for the alition of dry “rubbing down,” for adequate 
arrangements for personal cleanliness and, where necessary, for 
medical examination of the workers. Another conclusion is that 
there is not sufficient ground to warrant accepting the view that 
turpentine poisoning is the cause of the leading symptoms commonly 
attributed to either acute or chronic load poisoning, nor in attri- 
buting to the inhalation of the fumes of turpentine and other 
thimiors the occurrence of Bright’s disease. The results of this 
and other committees have stimulated the adoption of reasonable 
safeguards'^’ and have done much to encourage the investigation of 
possible substitutes for load, whereby new materials have come 
into use without displacing largely the older substances and have 
brought to light new properties of pigments and widened their 
choice. Control, rather than prohibition, appeals to British 
thought, but control must be efficient and not irksome, otherwise 
prohibition must win where the safety of any section of the com- 
munity is involved. F. Heim, E. Agasse-Lafont, and A. Feil^® 
state that lead and its compounds and not turpentine are the 
habitual cause of renal lesions and hypertension in painters. 

The preparation of lead sulphate oil paste is the subject of a 
patent by D. Whyte, in which it is claimed that precipitated lead 
sulphate, dried to remove the bulk of the water, when churned with 
about 9% of oil loses its water of crystallisation and forms with tlJB 
oil a smooth paste. The details of the patent apply to precipitated 
lead sulphate. 

H. Green^^® has improved the method of obtaining photomicro- 
graphs ( X 1500) of pigments.^^ He claims that Anlferican-process 
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ifes oxide can be distinguished from French-procpss zinc oxide, and 
jives the average djameter of the particles of a number of pigments. 

Attention continues to be drawn to the applications of the 
colloid mill . Reference to the Plauson mill was made in the previous 
Annual Report and a further description is to be found in a paper 
by W. J. Kelly The Premier milP^® is not designed for prodfucing 
true colloids ; it is really on the principle of a rapidly revoking cone- 
mill, so that the film of liquid is actually sheared under conditions, 
. which do not permit of the liquid acting as a fluid but as a solid, and 
that the particles in the line of shear must themselves become 
^dildiitegrated during the shearing. The presence of protective 
^^bstances is necessary to prevent coalescence of the particles. It 
is not claimed that the Premier mill can reduce solids to the colloidal 
; state, which can only be attained by means of the Plauson mill, but 
in the Premier mill large quantities can be dealt with. It is not 
every pigment that will give satisfaction, but in the case of the 
softer varieties, such as are used for enamels and printing inks, a 
process is available whereby 20-60 gals, per hour can be dealt with. 

The colloidal phenomena in paints are discussed f)y C.Coffignier*®* 
in reference to the thickening of paints and the advantages of using 
Osters of the resin acids. The insolubility of the esters of copals in 
oils often presents difficulties. E. B. Spear and H. A. Endros^^® 
have made a critical study of the obscuring-power method for 
determining the relative average size of pigment particles. A 
method of preparing micro-sections of paints is described by 
H. I». Maxwell.^2* The number of coats of white lead or zme paints 
making up* a film can only be determined by staining the section 
with mildly alkaline methylene blue. 

There are several papers of interest dealing with the hiding power 
of thinners. R, L. Hallett^^ states that the hiding power of a 
pigment is a geometric function of paint film thickness, and he 
obtained additional confirmation by measurements on panels to 
which paint had been applied at such a rate that the thickness of 
the film and the amount of pigment on the panels varied at a 
constant rate. Tinting-power experiments made by rubbiilg up 
white pigments with lampblack show that hiding and tinting 
^wers are direct measures of each other. 

A. H. Pfund*** finds that within the brightness range of 75-85%, 
using values of hiding power measured by his cryptometer^®* and 
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the brightness vahies recorded by his colorimeter,^*® the ratio of the 
increase in hiding power to the percentage de|;rease m brightnees^ 
equals 5*0 for all white paints. At complete hiding a grey paint 
film is far more transparent than a corresponding white filin. 
Opacity measurements must be used with caution in drawing 
conclusions as to hiding power. ^ 

H. A. Gardner and P. C. Holdt,^*^ using Pfund’s instruments, have 
studied the relations between brightness, opacity, and approach to. 
pure whiteness of pigments and paints . The addition of ultramariner 
to paints containing very bright pigments, which are low in bine 
brightness, decreases their brightness slightly, but makes them far 
more nearly non-selective and increases greatly their hiding pdWt'^ 
The limitations of the obscuring power method of determixung the-: 
size of pigment particles are pointed out by E. B. Spear an^‘ 
H. A. Endres.i®^ 

The investigations on the properties of plastic flow have be^ 
continued by E. C. Bingham and H. Green, with collaborators, and 
their results have been criticised by A. de Waele. Abrief summary of 
the results and criticisms are of interest. E. C. Bingham^*® concludes 
that suspensions share with emulsoid colloids the properties of 
plasticity at very low concentrations of the disperse phase, and 
distinguishes between true plasticity at high volume concentrations 
and pseudoplasticity at low concentrations, when the yield value- 
concentration relationship is not linear. The transition from the 
pseudoplastic to the plastic state occurs in the case of lithopone and 
linseed oil when the mixture contains 14% of lithoponq, ana whexx 
the mixture contains 45*6% by volume of lithopone the mobility is 
zero. In a later paper the results are confirmed, and the effects 
on mobility and yield values of paints produced by long grinding/ 
by alteration in the concentration of the pigment, addition of watw’, 
mineral oil deflocculating agents, etc., were measured and tabulated. 
The yield value of silica-lithopone is independent of the fluidity of 
the oil, but aluminium stearate increases the yield value, as likewise 
moisture (0-3%) with a reduction in mobility by three-quarters of 
its value. The same author and collaborators^*® state that by 
means of the plastometer it is possible to distinguish between 
ooUoidal solutions, exhibiting yield value, and true Elutions, also 
between polar (nitrocellulose in acetone) and non-polar (simple .^ 0 x 1 < 
p^t) colloidal type. In the polar type rise in temperature reduces 
yield value, whereas in the non-polar type the yield value is » 
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unaffected. ,H. Green states that there are four factors on which 
the consistency of ’paints depends, especially that of flocculation 
in the pigment- vehicle system. Following a discussion on the 
forces of flocculation, its influence on the jdeld value and mobility, 
together with the great change in paint consistency which can bo 
brought about by the presence of a heavy-bodied oil, e.gr., p6ppy- 
seed oil, they conclude that it is impossible to produce paints vith 
the same yield value and mobility, Qne of which is stringy and the 
other not. The stringiness of paints is attributed to deflocculation 
or increased “ wetting,” resulting from slight oxidation, and it can 
be fully defined in terms of yield value and mobility. A. de Waele^®’ 
criticises the work of Bingham and his collaborators as based on 
insecure foundations, in that the curvature of relationship 
between pressure and velocity has been interpreted as slippage. 
He gives a mathematical disproof of the relationship expressing 
Bingham’s law of plastic flow (P — p)/Q=constant. The inter- 
pretation of the properties of a plastic may be expressed as follows : 
P^=Qf where is a fractional exponent representative of the 
degree of plasticity in the value of l--<^, and f represents a func- 
tion of viscosity. 


logQa— logQi’ 


QilogQa 


Bingham and Green strongly criticise the conclusions in the 
above paper, to which de Waele replies by reference to the work of 
Porst and Moskowitz^®® and Herschel and Bergquist,^®® as a 
confirmatiew. of the statement that the validity of the Bingham- 
Green formula has failed to be substantiated. 

In the investigation concerning the loss and changes of colour 
of pigments when exposed to or protected from light, A. Eibner^*® 
ascribes to the formation of free linolenic acid or its peroxide the 
cause of the yellowing of linseed oil films in moist air protected 
from light. S. F. Harmer^^i has carried out experiments to observe 
the loss of colour in paints illuminated by dayhght or electric light 
and the efficiency of various tinted glasses in preventing sucK loss. 
The periods of exposure were 1030 and 1486 days respectively. In 
^neral the results of Abney were confirmed, and it was shown that 
fugitive colours will not fade in a strong light if protected com- 
pletely from oxygen and moisture. It is suggested that a certain 
intensity or quality of illuminatioa. is required to initiate the 
process of fading. 
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M. de KeghePI^ contributes a very interesting article on the uses 
of casein in the paint industry. Considerablfj attention has been 
paid to the investigations on the unsatisfactory value of marine 
anti-fouling and anti -corrosive paints. The experience of U.S. Navy 
research on ship- bottom paints decides ^ii favour of a shellac 
varnish paint containing turpentine, pine oil, zinc oxide, and zinc 
dust as an anti -corrosive coating. Eor anti-fouling composition a 
similar paint containing Indian red and mei curic oxide, instead of 
zinc dust, is recommended. H. A. Gardner^^® finds that the anti- 
fouling solution referred to above gave very poor results, whereas 
copper compounds vt re more satisfactory and ester-gum paints 
proved more reliable than those containing shellac. The teste did 
not always indicate a relation between barnacle resistance and 
teredo action, but emphasised the importance of destroying the 
embryos. 

P. E. Bowles recommends as anti-corrosive coatings solutions 
of pitches and asphalts incorporated with iron oxide pigments ; for 
anti-fouling compositions he recommends solutions of resins ground 
with oxides of iron and salts of copper or mercury. Arsenic is 
useless, except in complex compounds with copper, and mercury is 
best in the form of organic salts, rather than as chloride. 

The summary of these investigations does not indicate success 
in solving what is an important problem. 

Varnishes. 

Insulating varnishes offer great possibilities of ;i^aiiation in 
quality and behaviour, and unless carefully checked and tefeted in 
the laboratory are likely to cause trouble and expense, especially if 
each now batch requires some alteration in the factory routine to 
give satisfactory results ; such is the opinion of A. A. Drummond.^*® 
He recommends the determination of a number of properties of a 
fluid varnish, e.g., penetrating power, flexibility, heat insulation, 
and resistance to the action of chemicals etc. The requirements of 
insulating varnishes apply to msulating compositions for moulding 
work from ordinary pitch and asbestos to the more efficient products 
with the higher-melting resins, especially the phenol-formaldeh;fde 
varieties; With such compositions the properties of softening 
point, inflammability, and water absorption must be examined. It 
is now easy to obtain rosins suitable fof impregnating coils in such 
a condition that the final non-reactive state can *be attained at 
lower temperatures and at atmospheric pressure with less elaborate 
plant. In the brief and general survey of some of the chemical 
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problems connected with electrical industry, attei;ition is drawn to 
the necessity’ of mak^mg use of chemical knowledge in a realm where 
engineering has held sole sway. 

, The General Electric Company^*® has patented an insulating 
composition consisting < of mica, impregnated with an acetone 
solution of a reaction product of glycerin and phthalic anhydiide, 
•^hioh after stoving at 300° C. is insoluble in water and linseed oil. 
Bt. C. Weber^*’ points out that the lowering of electric resistance, 
consequent on drying of insulating oil varnishes, is caused by the 
oil acids. 

The application of varnishes by spraying or by brushing is 
considered best as a compromise of the two methods.^^® The use 
is recommended of a spray brush, i.c., a hollow brush in the centre 
of which the paint or varnish is delivered under air pressure in the 
form of fine spray or a brush automatically supplied with paint or 
varnish. 

An experimental drying time tester for varnishes has been 
devised by H. A. Gardner, consisting of a clock-operated drum, 
ivhich winds on to itself a blank moving-picture film, coated with 
varnish and a strip of tissue paper. The paper strip is brought into 
contact with the varnish film just as it is drawn on to the drum. 
The drying time is measured to the point where the paper ceases to 
adhere or becomes stained by the varnish film. 

J. Scheiber and 0. NouveP®® have determined the molecular 
weight of linseed oil in naphthalene or stearic acid and state that 
copals enter into combination with oil, whereas rosin in oil forms a 
true solution. It is difiicult to accept the conclusions of these 
experiments, because of the marked dfiference between the acidity 
values of copals and rosin, which have a strong effect on their 
dispersive powers. It would be of interest to have values of 
dster gums in linseed oil. 

E. 0. Rasser^®' considers that tetraline compared with turpentine 
as a thinner is a decided success. The general opinion is that 
tetraline is a good varnish thinner— too good in some respects — 
but its peculiar odour makes it undesirable at present for inUoor 
varnishes. The pink discoloration of white enamel films, in which 
te&aline is a component, is considered by A.Lauffs to be due to 
the presence of manganese driers. lithopone containing 0'006% 
’ of manganese and moistened with tetraline shows an unmistakable 
pink colour. Turpentine acts similarly, but is less sensitive. 

“•E.P. 203,232; J., 1923, 1031a. 

J. Amer. Chem. Soc.^ 1923, 44, preprint, 

Circ. 18, Nat. Paint, Oil and Varnish Assoc., U.S.A . ; J., 1923, 190a. 

Paint Manuf. Assoc. U.S.A., Circ. 167 ; J., 1923, 318a. 

^ angew. Chem., 1923, 86, 353 ; J., 1923, 841a. 

^^Chem.-Zeit., 1923, 47, 660; J., 1923, 898a. 

Ibid., 1923, 47, 315 ; J., 1923, 609a. ' 
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In the testing of small quantities of varnishes, H. Wolff imd 
C. Dom^^® give directions for the examination of the ‘solvents in 
which dispersion and refractive indices form a oasis of a system 
grouping. For the comparison of the rate of evaporation of the 
solvents on filter paper xylol is used as standard and the boiling 
point of the solvents can be observed, using a capillary tube, 
J. A. Findley^®* has attempted to develop uniform tests on a 
numerical basis for the relative merits of varnishes. A Report of a 
Committee of the American Society for Toting Materials contains 
results of testing varnishes by the kauri test, drying time, and effect 
of hot and cold water on the film. H. Wolff lays stress on the 
great influence of humidity during the application and drying of 
varnishes on their durability. The effect of light and variation in 
temperature is not nearly so destructive as that of humidity. 
The concensus of opinion is in favour of Wolff’s conclusions. The 
same author wisely maintains the undesirability of giving a guarantee 
with varnishes, owing to unforeseen weather conditions of appli- 
cation and use. The durability of the varnish film depends, not 
only on the nature of the material, but on the mode of application, 
as well as the preparation of the undercoat. 

The failure of paint and varnish films on exposure to the weather 
is now engaging the attention of the experts on the U.S. Bureau of 
Standards. Some claim that a paint and varnish film should 
contain moisture in order to retain its elasticity, others hold that 
baking varnishes are more durable. It is most probable that for 
durability oxidation is essential and is more easily realised by the 
baking of the film. The experience of the U.S. Fore^ Service at 
the Forest Products Laboratory, Madison, Wisconsin, on tlw 
protection of wood is of interest, in that a coating of gloss oil and 
aluminium powder was superior to enamels, oil paints, and varnishes. 
The superiority of suitable aluminium paints is worthy of con- 
sideration. Among other coatings examined, spar-vamish coated 
with vaseline was nearly as good as an aluminium leaf process 
with an asphalt paint base, which is classed as the best of the 
list. Cellulose lacquers and white lead oil are much lower in the 
Hst. 

The problem of the corrosion of metals, ferrous and non-ferroiffi, 
has received considerable attention during the year under review 
and the discussions form part of another report. Reference cal 
only be made to those points in whicli the question of organic 
coatings arises. U. R. Evans^®® states that protection by meana ol 
paints is more efficient than protection by a covering of anothi^ 

Fai^en-Zeit, 1922, 28, 330 i J., 1923, 62a. 

Proc. Amer, Soc. Testing MaterialSt 1922., L, 479, 376, 

Farhen-ZeiL, 1923, 28, 704 ; J., 1923, 277a, 

Oa and Ool, Tr, J., 1923, 1681. 
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metal. Corrosion-resisting alloys will not as yet invade classes ol 
work in which paints are now used. 

The minutes oi the joint conference on corrosion problems 
conducted by the Faraday Sooiety^®^ are of interest in showing the 
corrosion which an organic coating is called on to prevent. The 
protection of a metal by a thin film of oxide often breaks dewn ii 
other metals are present, as in the case of alloys; moreover, the thin 
film of oxide is sometimes fragile and requires an organic coating 
to complete the protection. ‘ 

The much discussed question of oil varnish analysis has received 
attention durir^ the year and evidences of progress in the accepta- 
bility of the results is shown, especially in the work of H. Wolff 
The author wisely states that the present-day analysis must satisfy 
the following requirements — ^the kind of oil, resin, solvent, and 
driers — and emphasises the limitation of the application of the 
quantitative results. It is difficult to build up a works recipe 
from the percentages of resin, oil, and thinners obtained from a 
quantitative analysis, even if that analysis can be accepted as 
reliable. The modification of the usual methods seems to be in the 
isolation of the free and inorganically combined fatty and resir 
acids. The external appearance of these acids should be noted and 
they may be tested by known reactions for colophony and foi 
solubility in 85% alcohol, in which a copal gives a turbid solutior 
in certain concentrations. The author considers that the amount 
of these components affords a valuable figure in judging varnishes, 
Later on, the unsaponifiable matter is separated from the oil and 
resin acids jjresent as esters and anhydrides and the oil acids are 
examined for their refractive indices. The resin acids can be 
determined by Wolff and Scholze's method.^®® 

H. C. Coffignier endeavours to separate the oil and resin com- 
ponents of a varnish by olf dation at 100° C. and the removal oi 
the resin by amyl alcohol, leaving the linoxyn undissolved. The 
author admits that the separation of the oil and resin is not strictly 
quantitative.^®® 

See Chem. Age, 1923, 394. 

Farben-Zeit., 1923, 29, 74 ; J., 1928, 1080a. 

J., 1914, 363. 

Moniteur de la Peinture ; Oil and Col. Tr. J., 1923, 465. 
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INDIA-RUBBER. 

By B. D. W. Luff, 

Resp^arch Chemist, North British Rubber Company, Ltd., Edinburgh. 


Dxjrino the past year the trade in manufactured rubber goods, 
other than tyres, has shown a marked improvement over that of 
1922, but the demand for raw rubber has not yet overtaken the 
supply, and efforts are being made by the planters themselves to 
encourage the manufacture of new articles. 

Statistics. 

The rapid increase in importance of plantation rubber during 
recent years will be seen from the following figures, showing the 
relative production of wild and plantation rubber at intervals of 
5 years.i 



Plantation. 

Wild. 


Year. 


Brazil. 

Rost. 

Total. 


Tons. 

Tons. 

Tons. 

Tons. 

1907 . . 

1 ,000 . 

. 38,000 

30,000 . 

69,000 

1912 .. 

28,518 . 

. 42,410 

28,000 . 

98,928 

1917 .. 

213,070 . 

. 30,370 

13,258 . 

265,698 

1922 . . 

354,980 . 

. 21,755 

3,205 . 

379,940 


The country of origin of the plantation nibber is indicated by 
the following figures, which, however, are subject to certain modi- 
fications ; for example, the amount exported from Malaya includes 
rubber originally imported from countries not mentioned in the 
returns. 

Exports of Plantation Rubber, 1922. 

British Malaya 

Java 

Sumatra (E. Coast only) . . 

Coylon 


Deduct for transhipment etc 

Net total . . 

The quantities of rubber absorbed by the leading consuming 
countries may be gathered from the statistics showing the amount 
retained during a period of three years. 


United States 

19^0. 

248,791 

Tons. 

• 1921. 

179,647 

1922. 

296,267 

11,164 

United Kingdom . . 

66,972 

42,116 

France 

16,606 

14,701 

27,660 

Germany . . 

13,400 

22,428 

27,661 

Canada 

11,300 

8,2o9 

Sr,363 

Japan 

6,500 

23,164 

16,681 

Italy 

6,300 

4,000 

6,600 

' “ The World’s Rubber Position,” 

• 

’ Eickinson, London. 



Tons. 

248,158 

31,658 

40,552 

47,367 

367,636 

12,655 


354,980 
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* A proper appreciation of the actual consumption of the smaller 
consumers can be obtained only by taking into account the visible 
stocks Jit the beginrting and end of the period. For example, stocks 
. in warehouses in the United Kingdom increased by no less than 
24,582 tons over the period indicated, so that the actual consump- 
tion would be considerably less than the amount of rubber retained. 

By far the greater proportion of the rubber produced is utilized 
in the manufacture of tyres, as may be gathered from the fact 
that in America 83% of the rubber imported is absorbed by the 
automobile industry.^ 

Reference was made in the last report® to the application of the 
Stevenson scheme for restricting the production of rubber in 
British Malaya and Ceylon. The effect of the scheme is reflected 
in the fact that the export of rubber from Malaya for the first 10 
months of this year amounted to 155,905 tons, as compared with 
182,363 tons during the corresponding period of 1922.* 

The price of rubber increased steadily from the time of the 
introduction of the scheme, and for the quarter ending April 30, 
1923, the average price was between Is. 3d. and Is. 6d. per lb. 
Owing to this price being maintained for three months, the per- 
centage of standard production allowed for export was increased 
from 60% to 65% for the next quarter, in accordance with the 
K provisions of the scheme. The exportable allowance was, how- 
eyer, reduced to 60% for the quarter begimiing August 1st, and 
has remained at that figure since that date. 

According to the report of the Rubber Controller for Malaya®, 

, the total exportable allowance for the period November, 1922, to 
July, 1923, was 126,413 tons, corresponding to 60% of standard 
production from November, 1922, to April, 1923, and 65% from 
iMay tq July, 1923, inclusive. 

These figures are based on a standard production for the re- 
striction area of 274,000 tons per annum. During this period of 
nine months the net exports amounted to 115,306 tons, this figure 
tepresenting the total exported, less re-exports of rubber produced 
^ outside Malaya, and stocks in hand at the inception of the scheme. 

The enforced restriction of the production of rubber has led to 
considerable apprehension on the part of American manufacturers, 

. with the result that in some quarters the cultivation of rubber in 
the Philippine Islands has been advocated. This proposal has 
, |)een made previously, and there are a few small plantations already 
, In existence.® Plans for the extensive cultivation of rubber in the 
-Hiilippines have not met with unanimous approval. The question 

*Bull Rubbers Qrowers" Aaaoc.^ 1923, 5, 79. 

*Am. Repts.t 1922, 7, 309. 

* India Rubber J,t 1923, 66, 801. 

Stdl. Rubber Orwbera^ As 800 ,t 1923, 5, 581. 

* Cf. Pearson, India Rubber World, 1917, 67, 3. 
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of rendering Amejica independent of British and Dutch supplies dl 
;rubber has now been taken up by the United States Government, 
who have appointed a commission under the direction of Dr.* H. Jf. 
Whitford, with the object of making a survey of the rubber-pro- 
ducing areas in Mexico, Brazil, and the Philippines.’ 

Rubber Latex. 

The treatment of latex in countries outside the rubber growing 
areas® appears to be rapidly progressing beyond the experimental 
stage, and the fact that large quantities of latex are now being 
dealt with by manufacturers will be evident from a consideration of 
the following figures representing the amount exported from' the 
countries specified during 1922 and 1923.® 

Country of biupraent. Gallons of lalox exported. 


1922. 1923. 

(Jan.-Sept.) 

Malaya . . . . . . 40,061 {a) . . 72,728 

Ceylon 1,977 (6) .. 11,413 

Sumatra .. .. 228,324 .. 2,021,441 

Total . . 270,362 . . 2,105,582 


(a) Seven months only ; (6) Two months only. 

The quantity exported up to the end of September, 1923, repre-v^ 
sents approximately 3390 tons of dry rubber, or a little more than 
1% of the total plantation shipments of rubber for that period. It 
should be noted, however, that during September alone there was 
exported from Sumatra 950,000 gallons, equal to approximate^ 
1480 tons of dry rubber, or about 4|% of the total amount of rubber 
shipped from all countries in that month. The export of such 
large quantities of latex from Sumatra may be traced to the fact 
that in the island are situated plantations owned by companies 
associated with the United States Rubber Company, holders of the 
patent rights of the Hopkinson process for spraying latex.^® 

WJiile it is probable that the bulk of the exported latex is 
desiccated by a spraying process and the dry rubber utilised in the ; 
normal manner, it is possible that a proportion is being app^^ 
directly, as, for example, in the proofing of textiles in place oi\' 
rubber dough made with the aid of an organic solvent.^^ 

The interest aroused in proposals of tjiis character is reflected hat 
numerous communications concerning the preservation and transport* 
of latex. Coagulation during shipment is usually prevented 'bji; 

’ EuU. Rubber Qrowers' Aasoc.^ 1923, 5> 613. 

• Ann. Bepta., 1922, 7, 310. 

• BuU. Bitbber Growers' Amc., 1923, 5, 590. 

1922, 7, 312. 

8U, 
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Adding ammonia, and results of erperiments carried out by 0. de 
Vries, N. Nieuwland, and R. RiebP* show that under favourable 
conditions the addition of 15 c.c. of aqueous ammonia {sp. gr. 
0*9327) per litre of latex, giving a concentration of approximately 
-0*26% NHg, is usually, sufficient ; a margin of safety should, how- 
ever, be allowed, and this may be secured by adding 20 c.p. per 
litre. For the determination of ammonia in latex, titration with 
acid, using methyl red as indicator, is recommended. On keeping, 
ihe alkalinity, as determined in this manner, decreases slightly, 
and a sediment is deposited which contains crystals of ammonium 
magnesium phosphate together with rubber globules. The authors 
note certain points of difference between the coagulation of fresh 
and preserved latex. On the addition of acid to fresh latex, and 
also to freshly ammoniated latex, a compact clot is not formed 
until after the lapse of some time after the acid has been stirred in ; 
with ammoniated latex which has been kept for a month or more 
the clot forms almost immediately. Similar observations have been 
made by H. P. Stevens,^® who notes that preserved latex is usually 
more mobile^^ and does not adhere to the walls of the containing 
vessel in the same way as does fresh latex. Coagulation does not 
take place cleanly, and in some cases a partial coagulation sets in 
even before the ammonia present as preservative is completely 
neutralised. Latex preserved with caustic soda usuallj^ requires 
less acid than that preserved with ammonia, and coagulation often 
occurs instantaneously with the addition of acid of 0*5% 
ooncentration. 

Preserved latex may be coagulated by adding inert powders in a 
fine state of division, such as colloidal clay or carbon black. Accord- 
ing to C. C. Loomis and H. E. Stump,^® however, many compounding 
ingredients, such as clay, whiting, talc, may, if previously wetted, 
be added to latex in very high proportions, without causing coagu- 
lation, although zinc oxide and carbon black both result in coagula- 
tion even when small proportions are added. The coagulating effect 
of added fillers may be due to absorption of water which causes 
local concentration of the latex, or to the presence of a positive 
charge on the particles of filler neutralising the negative charge on 
the rubber particles, or by the material being sufficiently soluble to 
yield a solution which acts as a coagulant. 

The tendency exhibited by preserved latex to “ cream ” has been 
, commented on by H. P. Stevens,^* ^nd it may be noted that the 
** cream ” whifch collects on the surface of the latex is quite thick, 

“ Comm. Central Bvbber Station, Buitenzorg, 1923, No. 33 ; J., 1923, 731a. 

Bull. Rubber Qrowers' Asaoc., 1923, 5, 611 ; J., 1923, 1082a. 

Cf. 0. de Vries, Comm. Central Rubber Station, Buitenzorg, 1923, No. 36. 

“ Chem. and Met.-Eng., 1923, 29, 640 ; J., 1923, 1082a. 

BuU. Rubber Qrotaem' Assoc,, 1923, 6, 216. 
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but on shaking with water re-forms an emulsion having the pro- 
perties of normal* latex.^’ Attempts were made to .induce the 
formation of “ cream ” by treatment in an ordiriiry milk separator, 
but it was found that, as a general rule, instead of a “ cream ” being 
formed, coagulation occurred. The tendency to coagulate is less 
apparent in ammonia-preserved latex than in that preserved with 
the aid of caustic soda and coal-tar derivatives. 

The possibility of forming a “ cream ” in latex is important in 
connexion with the question of transportation, for, if this could be 
achieved and the cream separated, a concentrated latex would 
result. The cost of transport of the rubber in this form would 
therefore be considerably reduced, and the latex could be subse- 
quently treated either in this condition or after diluting with w^ter. 
Experiments on the concentration of latex have been carried out 
by C. C. Loomis and H. E. Stump who sta+e that this may be 
effected in vacuo after adding a trace of sodium carbonate or 
caustic soda, but there are objections to this procedure, among 
these being the fact that there is a tendency for a skin of rubber 
to form on the surface during evaporation. 

The use of a centrifugal was found to give promising results, as a 
“ cream ” having a rubber content of 76% was obtained by means 
of a laboratory type of super-centrifugal running at 30,000 r.p.m. 
Trials on a large-sized machine running at 16,000 r.p.m. gave less 
satisfactory results, as latex with an initial concentration of 36% 
rubber gave a “ cream ” containing only 43-8% rubber, the weaker 
liquid still containing 31-9%. Diluting the latex gave a more con- 
centrated “ cream,” but even in this case a very great proportion 
of the rubber remained in the dilute fraction. It was loundf how- 
ever, that the quality of the rubber in the two fractions differed 
very considerably ; the concentrated portion of the latex gave a 
rubber possessing very good physical properties, whereas the 
dilute portion of the latex gave on coagulation a rubber possessing 
little strength. It is suggested that advantage may be taken of 
this fact in preparing rubber having special properties. 

Foi the determination of rubber in latex H. P. Stevens^® concludes 
that the method previously recommended, consisting in evaporating 
and weighing the total solids®® is not satisfactory, as the amount ^ 
non-rubber substances soluble in water varies considerably in 
different lots of latex. It is suggested that the best method would 
be to coagulate the latex, preijprably with the aid of dilute sulphuric 
acid, and to convert the rubber to crepe on a small experimental 
washing mill. In cases where acid does not effect a clean coagula- 

Cf. de Vries, JTieuwland, and Riebl, foe. cU. 

Chem. and Met. Eng.^ 1923, 29, 184 ; J., 1923, 940a. 

BuU. Rubber Qrowera* Assoc., 1923, 5, 59 ; J., 1923, 236a. 

Ann. Bepte., 1923, 7, 312. 
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tion, this may be completed by adding alcohol. After washing, the 
rubber is dried at a temperature of 70° C. and weighed. 

Paper made by bidding latex to the pulp^ is now frequently met 
with, and certain periodicals are regularly printed on latex-con- 
taining paper. 

As a result of tests carried out at 70° C., H.P.Stevens^ states that, 
as evidenced by the bursting tests, the presence of latex in paper 
is almost entirely without influence on the ageing properties. 

The effect of incorporating latex^-is, however, evident when the 
paper is submitted to the folding test. Latex paper undergoes very 
little change on ageing, whereas similar paper not containing 
latex show^s a much lower folding number at the end of the ageing 
period. 

In connexion with the us© of latex, an interesting pamphlet^ 
has been issued by the Rubber Growers’ Association, dealing with 
the preservatives to be employed, the types of containers recom- 
mended, and with the relative cost of latex as against crepe or 
, sheet rubber. It is recommended that for satisfactory shipping, 
6 oz. of O’ 880 ammonia be added per gallon of undiluted latex, 
giving a concentration of approximately 1*3% NHg. 

There has also appeared a comprehensive paper by A. Van 
Rossem*^ dealing with the industrial applications of latex. 

Preparation of Raw Rubber. 

Although the agent almost universally employed on the planta- 
tion for coagulating is acetic acid, there are some estates on which 
sulphuric a'^id is regularly in use, and H. P. Stevens has drawn 
attention to the danger of producing a slow-curing rubber which is 
thus incurred. Results of the author’s previous work are quoted 
which clearly show that even with minimal proportions of sulphuric 
acid the rubber produced possesses a low rate of cure, as compared 
with that obtained with the aid of acetic acid ; the disparity is 
much more marked when acids are added to the same extent in 
excess of the minimal proportions. 

In some cases the acetic acid delivered to estates in barrels is of a 
dark brown colour due to the presence of traces of paraffin from the 
B&rrels. According to W. Spoon*® the proportions in which it 
' usually occurs are such that the properties of the rubber are in no 
way fiffiected. 

" Ann. Eepln., 1922, 7, 310. 

Eubher Qrowera' Asaoc.^ 1923, 5 , 658. 

•*“The Preservation and Shipment of Latex,” Rubber Growers*. 
Assoc'ation, London. 

« Gkam. Weekblad, 1923, 20 , 126. 

Rubber Qrinoera* Aasoc.^ 1923, 6, 247. 

r Central Rubber Statiwif Buitenzorg^ 1923, No. 32, 1 j J., 1923^''^ 

1 ^. 





It is known that in the preparation of rubber on the plahtatioii' 
variations in the^rate of drying of the coagulum may occur, and 
0. de Vries, after reviewing the available ^ata, has described 
further experiments indicating the extent to which this may be 
influenced by the method of preparation. The rate of drying is 
increased by keeping the freshly rolled coa^lum in dilute formalin, 
or in 10% acetic acid. Drying is retarded by previous soaking in 
water, or by treatment with boiling water and keeping in the 
sterile water; similarly, keeping in 1% acetic acid, 5% sodium 
bisulphite or sulphite, or 1 % caustic soda was found to decrease the 
rate of drying. Although coagulum from very dilute latex may 
dry quickly, soaking n w’ater tends to retard drying. Micro- 
organisms do not contribute to the slow drpng effect, neithepdoes 
the hygroscopicity of the rubber, which merely influences the 
moisture content of the air-dry rubber. Slow drying is thought to 
be due not to the formation of an impervious surface layer on the 
coagulum but to an alteration in the structure of the whole mass. 

The question of preventing mould formation on smoked sheet** 
still continues to claim attention, and further information proving 
the effectiveness of sodium silicofluoride as a preventative*® has 
been furnished by J. Edwardes®® and H. P. Stevens.®',** The 
best results are obtained by coagulating with sodium silico- 
fluoride and then soaking the rolled coagulum in a solution of 
the salt. 

Compared with coagulation with acetic acid, the use of sodium^ 
silicofluoride results in a slight retardation of the vulcanisation, 
and a further retardation is caused by the soaking of the sheet after 
coagulation. It is stated that even with increasing proportions of 
the sodium silicofluoride this effect is not sufficiently marked to 
constitute a disadvantage in pure or compounded mixings. Tho 
ageing properties of the vulcanised rubber are not affected 
harmfully.*® 

Not only the sodium salt, but lead, zinc, and magnesium salts 
of hydrofluosilicic acid, and even the acid itself, have been found 
to possess the property of preventing mould formation.** Moreover, 
sodium, ammonium, or potassium bffiuorides have been found to aot 
in the same manner. The use of sodium silicofluoride is, in ^ 
meantime, not being recommended until tests which are now being 

Comm. Central Rubber Station, Buitenzorg, No. 32, 7 ; J., 1923, 732a. 

*Mnn. Bepts., 1922, 7, 3U. ’ 

*• Ibid., 1923, 7, 313. 

Bull. Rubber Growers' Assoc., 1923, 5, 21. 

" Ibid., 1923, 6» 296 ; J., 1923, 667a. 

« Ibid., 1923, 6, 114, 383 ; J., 1923, 898a. 

»» Ibid., 1922, 691, 662 ; J., 1923, 63a, 107a. 

** H. P. Stevens, BuU. Rubber Growers' Assoc., 1923, 6i 170, 382 
*1923, 41^, 898a. 
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made by three rubber manufacturers in this country are com- 
pleted.®® 

While the developniWt of mould may give rise to slight differences 
in the rate of cure in simple rubber-sulphur mixings, such differences 
may be accentuated, as H. P. Stevens has shown,®® when the rubber 
is compounded with litharge. The same author has brought for- 
ward additional evidence of this in the case of samples of rubber 
exposed to rainfall and allowed to remain in a wet condition for 
fifteen days.®^ Rubber coagulated with acetic acid and smoked was 
tested together with rubber coagulated with sodium silicofluoride 
and then soaked in a concentrated solution of the same salt before 
smoking. In a rubber-sulphur mixing little difference in the rate of 
cure was noticed, the acetic acid sample which had become covered 
with mould curing a little more rapidly than the sample coagulated 
with sodium silicofluoride which was free from mould. In a litharge 
mixing, however, the order was reversed, the sample coagulated 
with acetic acid requiring approximately twice as long for 
vulcanisation. 

Since the advent of rubber planting on an extensive scale, the 
preparation of the rubber from latex has been accomplished almost 
exclusively by coagulating with acid. 

Prom time to time there have been devised processes based on 
'the evaporation of latex, as an example of which may be cited the 
Kerbosch method, in which the latex is delivered on to the interior 
surface of a heated revolving drum. These have not met with 
success on a commercial scale, chiefly on account of the low output 
from a unit plant, and also to some extent owing to the difficulties 
encountered in removing the film of rubber in a suitable form. 

A good deal of interest has, therefore, been aroused by the 
Hopkinson process in which this principle is embodied, the rubber 
being obtained from latex by spraying into a chamber through 
which heated gases are led.®® 

The latex is evaporated and the rubber therefore contains all 
the solids originally present, and not, as in the case of coagulated 
rubber, only those which are insoluble in water. The evaporation 
pB<K5eeds rapidly and the rubber is obtained in a form which is con- 
venient for handling. The product obtained in this way is referred 
to as L.S. (i.e., latex sprayed) rubber. 

In this connexion it is interesting to note that in 1911 W. Esch®® 
suggested such a method and published a sketch of an apparatus 

** Bull. Rulber Qrowera* Assoc., 1923, 5, 625. 

*« Ibid., 1922, 4, 620 ; J., 1922, 989a. 

« Ibid., 1923, 6, 341 j J., 1923, 788a. 

•• Ann. Eepts., 1922, 7, 312. 

•* Gummi Markt, July, 1911 ; Bull. Rubber Growers* Assoc., 1923, 5, 699.- 
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suitable for the purpose, smoke being introduced together with the 
air employed for “atomising the latex. 

In recent years liquids such as milk have^been desiccated by 
spraying into a hot atmosphere, and various types of atomisers 
have been devised.'*® • 

In the Hopkinson method the latex, contained in a vessel pro- 
vided with a stirrer, is delivered on to a rapidly rotating disc situated 
at the top of a chamb<^r through which hot gases, as, for example, 
flue gases, are passed. The rubber formed by evaporation of the 
latex falls to the floor of the chamber as a spongy mass which, for 
purposes of transport, may be compressed into a compact block.*^ 
The specific claim covered by the Hopkinson patent is a crude 
rubber or rubber substance obtained by evaporating latex or a 
porous or spongy mass of particles of rubber formed by removing 
moisture from latest such dried rubber containing substantially all 
the solid contents of the original latex. The rubber may, if desired, 
be mixed with a vulcanising agent or a compounding ingredient. 

The proposal has given rise to a considerable amount of dis- 
cussion as to the merits and demerits of rubber containing all the 
serum substances, sometimes referred to as “ whole ” rubber. 

0. de Vrics*^ points out that rubber prepared by the Kerbosch 
])rocess is generally hygroscopic and, owing to the high content of 
serum substances, liable to become mouldy. The rate of cure is, 
generally high and the tensile strength approximately the same as, 
but sometimes lower than, that prepared by a process of coagula- 
tion. The rubber crumbles on the mill and does not become plastic 
so readily as does normally prepared rubber ; consequently, the 
power consumed in the milhng operations is high. The rubber does 
not preserve its original properties on keeping so well as does 
ordinary plantation rubber, becoming tacky and weak in the 
course of four or five years, and showing signs of deterioration in a 
much shorter period. 

The properties of rubber prepared by a spraying process have 
been examined by H. P. Stevens, whose results are substantially 
in rgreement with those obtained with Kerbosch evaporated 
rubber. For example, the sprayed rubber has been shown to be 
resistant to milling ; in an experiment on a factory scale it was 
found that whereas a normal sample of plantation sheet required 
20 minutes for mastication, Hopkinson sprayed rubber required 
40 minutes under the same conditions of temperature, size of 
batch, etc. Compounding ingredients exhibit a giuater tendency 
to cake when being added, and, moreover, the rubber is prone to 
adhere to the back roller during milling. Even after thorough 
• 

« E.g., R. Stauf, E.P. 14,724 of 1900 ; G. A. Krause, E.Pi 22,607 of 1913, 

" India Rubber J., 1923, 66, 89. 

« India Rubber J., 1923, 66, 101 ; J., 1923, 842a. 
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milling, the plasticity of the rubber appears tc be unsatisfactory, 
sinoe joins or overlaps in wrapped goods are not eliminated during 
vulcanisation but ate apparent in the vulcanised sample.^® 
Hopkinson sprayed rubber generally vulcanises faster than nor- 
mally prepared smoked sheet or crepe, and H. P. Stevens has 
shown^* that exhaustive extraction with water for a period of 
three weeks results in a lowering of the rate of cure. A particular 
sample washed in this way lost weight to the extent of 9*9%, but in 
an experiment^® in which the extraction was not so prolonged, 
lasting only a few days, the rate of cure was nofr affected. In this 
case, however, the amount removed was 7-5%, so that 2*4% of 
water-soluble matter still remained in the rubber. It is worthy of 
note' that the additional serum substances present in evaporated 
rubber do not increase the activity of litharge.^® 

H. P. Stevens*’ has shown that the tensile strength after vul- 
canisation is generally lower in the case of evaporated rubber, 
including that obtained by spraying, although in one instance 
values slightly higher than the normal were obtained.*® The 
retained serum solids are said to act merely as diluents and 
softeners, and consequently rubber vulcanised to give a standard 
extensibility will generally be found to be over-cured. Extraction 
of the water-soluble constituents before vulcanising results in the 
..production of vulcanisates with improved tensile properties.*® 
Thus, it will be seen that the production of rubber by an 
evaporative process, such as spraying, will possess certain advan- 
tages as, for example, the increased yield of rubber, such increase 
being due to the inclusion with the rubber of certain substances 
which may have a detrimental effect on the tensile properties. The 
increase in yield of rubber obtained from different samples of latex 
by evaporation over that obtained by coagulation was found by 
H. P. Stevens to vary from 8 to 17%.®® 

^ A further claim on behalf of the adoption of the spraying process 
that compounding ingredients may be added to the latex by the 
manufacturer, and it has been assumed that this will lead to a 
decrease in power consumption owing to the reduction of the period 
of milling necessary for the introduction of compounding ingredients 
t6*>ordinary coagulated rubber. If, however, as has been indicated 
above, the rubber itself requires longer mastication, it would seem 
that the advantage to be gained on this ground is problematical. 

€ 

**BwW. RMzr Orowera* Assoc., 1923, 5*446, 609 ; J,, 1923, 988a, 1082a. 

« Ibid., 168 ; J., 1923, 464a. 

♦'‘Ibid., 660; Ab«.,1924, B,24. 

** H. P. Stevena, ibid., 226 ; J., 1923, 666a. 

J., 1823,236a. 

“ Ibid., 224 J J., 1923, 865a. 
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"Ibid., Hi /., 1923,236a. 



INBIAAUBBEBf 


8S7 


Incorporation of* compounding ingredients would doubtless be 
best accomplished by manufacturers who wer^ prepared to instal 
the spraying apparatus in their works and add the necessary 
compounding ingredients to latex imported for the purpose. 
According to H. P. Stevens®^ there is no rdhson why compounding 
ingredients should not be added to latex prior to coagulation in the 
ordinary manner, as practised on the plantations, although it is 
doubtful whether manufacturers would be prepared to purchase 
rubber already compounded m this manner. ' 

The comparatively high power consumption of sprayed rubber 
during milling is conj5ri:.ed by E. Hopkinson,“ who states that the 
diilerence in its behaviour from that of ordinary coagulated nlbber 
is not so marked m the material now being produced in bulk as in 
that obtained durin? the earlier experimental trials. Figures quoted 
by Hopkinsoii indicate a markedly superior tensile strength for 
sprayed rubber as compared with plantation or fine hard Para when 
vulcanised with 10% of sulphur at 141® C. The ageing properties 
of the vulcanisates are shown to be of a very high order, and this is 
particularly evident when comparing over-cured samples. 

Chemical Peoperties and Constitution. 

From the results of analyses of specially purified samples of* 
rubber, which have been carried out from time to time, the empi- 
rical formula CsH^has been assigned to the caoutchouc hydrocarbon, 
and at present this finds almost universal acceptance. 

Recently, however, F. Kirchhof^® has sought to show that tho" 
empirical formula of the caoutchouc hydrocarbon present in Para 
rubber is CjoHi,, the molecular formula being C 20 H 34 . The approxi- 
mation of previous analyses to this formula will be seen by com- 
paring the figures obtained by C. Harries®^ with those calculated 
for CioHjg and respectively, 


C H 

OioHie .. .. 88-i5% .. 11-85% 

CioH,7 .. .. 87-51 .. 12-49 

Harries .. .. 87-85 .. 12-28 


It will be observed that the figures obtained by Harries are. 
almost intermediate between those calculated for the two empirical 
formulae. . 

Klirchhof proposes an bpen-chain spiral structure for the^ 
caoutchouc hydrocarbon, 

“ H. P. Stevens, ibid.^ 1923, 6, 48. 

« Ind. Eng. Cfiem., 1923, 15, 1207. 
w Oeaterr. Ohem.-ZeU., 1922, 85, 143, 160 ; J., 1923, 23a. 

** Untersuchungen Ober die natiirlichen und kOnstlichen Kautsohi^- 
Berlin, 1919, p. 7, 
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CH* • CXCHs) : CH • CH^ ' , 

MJH, • C(CH3) : CH • OHj 

CHa- 1 CH : CCCH^)— CH^ 

^Hj* • CH : C(CH3) • CHs 

which has some points of similarity to that propounded by F. 
Barrow'^^ some time back. Kirchhof assumes that the caoutchouc 
present in Para rubber differs chelmically from that present in 
other grades, such as Congo rubber, which he supposes to contain 
a hydrocarbon CjoHig. There is no doubt that the empirical 
formula C^Hp has been accepted hitherto without question chiefly 
on account of the supposed identity of the product of polymerisa- 
tion of isoprene with natural caoutchouc. The fact that analyses 
are sometimes obtained which are not strictly in accordance with 
the generally accepted formula has usually been attributed to the 
presence of traces of accessory substances retained even after a 
process of purification. 

In an important paper, R. Pummerer and P. A. Burkard^® 
have dealt with the question of the empirical formula, and their 
evidence is in supjiort of the CgHg ratio. The rubber they employed 
was purified by the method of Harries, but the precaution was 
taken to carry out the operations in an atmosphere of carbon 
dioxide so as to prevent oxidation taking place. Analysis gave 
C — 87-96%, H = 11-82%, which is in fairly close agreement with 
the calculated proportions. Further evidence in support of the 
CgHg ratio «was afforded by the results they obtained on hydro- 
genatihg purified caoutchouc. Staudinger and Fritschi,®’ who 
also succeeded in hydrogenating caoutchouc, employed tem- 
peratures as high as 270° C., under which conditions caoutchouc 
Itself is not stable. Pummerer and Burkard, however, succeeded 
in effecting hydrogenation at comparatively low temperatures. 
The purified rubber was dissolved in hexahydrotoluene, platinum 
black being employed as a catalyst. The best results were obtained 
by working with dilute solutions (0-2-0-6%) at temperaturbs of 
70°-80° C., when absorption of hydrogen took place, and was 
complete in 3 hours ; with solutions of 1% concentration absorp- 
tion of hydrogen was not complete. The absorption of hydrogen 
was determined volumetricaUy, and in all cases the amount taken 
up corresponded very closely with that theoretically required for 
the addition of two atoms of hydrogen for each CgHg. The hydro- 
caoutchouc was obtained by precipitating the platinum black 
with t{ie aid of kaolin and, after separating the clear supernatant 
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li(luor, evaporating this to dryness in absence of oxygen, when a 
transparent elastic film was obtained, giving on aitalysis figures 
corresponding with the empirical formula CHg, C5H10. 

It is of interest to note that this hydrocaoutchouc is readily 
oxidised on exposure to air with the reproduction of a hydrocarbon 
closely akin to the original caoutchouc ; this indicates that 
the added hydrogen atoms are in a loose state of combination 
compared with the remainder. 

Pummerer and Burkard conclude that the structure of the 
caoutchouc molecule is represented either by a ring or by an 
extremely long open chain, in which case the formula 
approximates to • 

From a consideration of the work of previous investigators 
and as a result of further experiments carried out by himself and 
his collaborators, M. C. Boswell®® has propounded a constitutional 
formula for caoutchouc which differs entirely from any which has 
been hitherto put forward. According to Boswell, none of the 
ju’evious formulae has explained the formation of terpenic com- 
pounds such as dipentene, on destructive distillation, and dinitro- 
hydrocumic acid on treatment with nitric acid.®® The proposed 
structural formula is as follows : — 


/ 


/CH. - 


-CH- 

\ 


OH™ 




CH- 

CH,- 


,-4 

CH2 

CH- 


-C(CH5)-CH, 
CHj CHa 

CH C(CH5) 

CH» 


-CiCHg) 


-C(CH3)CHaCHaCH- 


-C(CH,) 

-CHa 


An examination will show that this is made up of six isoprene 
residues, giving a formula C30H48 for the caoutchouc molecule. 
Decomposition might be expected to yield, among other sub- 
stances, dipentene, although not more than one molecular jffo- 
portion, or 33 ^% by weight of the whole. One dimethyl-cycZo- 
octadiene residue is present which would explain the formation of 
the ozonide, assuming thaj^ fission of the system took place at 
ordinary temperatures in presence of ozone. The proportion of 
ozonide formed would thus be comparatively small, and Boswell 
points out that this is in agreement with the results of Olivier,®® 

A • 
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who was unable to obtain yields of ozonide corFssponding to the 
conversion of the \^ole of the caoutchouc taken, such as would 
be expected from a compound of the structure usually assigned 
to caoutchouc, that is, a single ring composed of isoprene nuclei 
. linked together directly. 

The unsaturated nature of caoutchouc is not, however, indicated 
in the formula, and Boswell assumes that the action of bromine, 
for example, is first of all to effect depolymerisation ot the molecule, 
addition of bromine then taking place. 

The experiments of Pummerer and Burkard on the hydrogena- 
tion of caoutchouc have emphasised the unsaturated character of 
the molecule, and it is difficult to understand how a structure 
such as that represented by Boswell is to split up into unsaturated 
units capable of forming addition compounds of high molecular 
weight such as the derivatives of caoutchouc undoubtedly are. 
.One would further expect to obtain a variety of compounds by 
different treatments. Destructive distillation, for example, should 
furnish a much wider range of products than are obtained 
from rubber, and similarly on bromination one would expect 
. to obtain a mixture containing substances of comparatively 
simple structure. 

‘ The action of chlorine on caoutchouc has been investigated 
by J. McGavack,®^ who has sought to determine the extent to 
which substitution and addition take place simultaneously. 
Previous workers have found that while the reaction with bromine 
may be controlled so as to avoid substitution, during the reaction 
with chlorine substitution takes place with evolution of hydro- 
gen chloride and a comparatively highly chlorinated substance is 
formed, even in an ice-cooled benzene solution. Hinrichsen, 
Memmler, and Kindscher® obtained a compound Ci(,Hi 4 Cle, indi- 
cating the addition of 4 atoms of chlorine and the substitution 

three further atoms for each CjoHu residue. McGavack’s 
jpesults indicated that in the earlier part of the reaction substitu- 
tion occurred almost exclusively, but that as the reaction pro- 
ceeded, addition of chlorine began to take place, the proportion of 
hydrogen chloride formed being thus reduced. 

Iodine has been frequently stated to be without action on 
caoutchouc, although in presence of air an oxygenated compound 
containing iodipe was obtained by Schwartz and Kempff.® M. 0. 
Boswell, R. R. McLaughlin, and R. R. Parker®* have obtained a 
" somewhat similar product from the interaction in the cold for two 
• 

"Ifid. J2?ny. OAew,, 1923, 15, 961 ; J., 1923, 1033 a. 
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weeks of iodine, »hydrogen peroxide, and caoutchouc in carbon 
tetrachloride solution. By extracting the refjption product with 
ethyl acetate a browrush yellow powder was obtained, the analysis 
of which corresponded to the composition 26^40^ 8 ^- 

Tl^ same authors have also investigated*the action of oxidising 
agents, including atmospheric oxygen. Thin sheets of resin-free 
rubber were exposed to the air in direct sunlight for three months, 
at the end of which time approximately 30% of the rubber wae 
converted into acetone-soluble substances. A proportion of the 
oxidation product was soluble in carbon disulphide, and after - 
purification gave, on analysis, figures corresponding to the formula 
CioHigO. It is interesting to note that Pummerer and Burksrrd®® 
by determining the volume of oxygen absorbed by a solution of 
rubber in hexahydrotoluene, either in presence or absence of 
platinum black, found that oxygen was taken up in proportion 
corresponding with the formation of a compound of this formula. 
The compound insoluble in carbon bisulphide, without further 
purification, gave on analysis figures agreeing with the composition 

^26^40^9- 

The action of hydrogen peroxide on rubber was also studied by 
shaking a solution of rubber in carbon tetrachloride with a 3% 
solution of hydrogen peroxide for one week, at ordinary tern- . 
peratures. The aqueous portion of the reaction mixture gave on 
evaporation a sticky mass which absorbed oxygen rapidly, but 
this was not fully investigated. The carbon tetrachloride solution 
gave a transpa;fent bright yellow substance, partially soluble in 
ether, from which solution there was obtained by further purifica- 
tion a substance of the composition Cg^H^gO, which, on exposure 
to air, absorbed oxygen with formation of a compound 
thus indicating the simultaneous elimination of an isoprene 
nucleus CgHg. 

M. C. Boswell and A. Hambleton®® also investigated the action 
of an aqueous solution of potassium permanganate on rubber , 
dissolved in carbon tetrachloride, but it was difficult to isolate 
from the reaction mixture a substance having a constant composi- , 
tion, although the analyses were in fair agreement with tile 
empirical formula C 2 BH 4 yO. This substance on standing in the air 
at ordinary temperatures rapidly took up oxygen with formation r 
of a compound C 25 H 40 O 2 . • 

The destructive distillation of rubber has long been known to ' 
result in the formation of a liquid containing a high proportion qjE_^ 
dipentene, and, indeed, the distillation of rubber for the production 
of commercially Valuable solvents was practised in the early part 

Xoc. cii. 
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of last century. A. Van Rossem and P. Dekkej*®’ have examined 
the products of dry distillation of scrap rubber, which were found 
to yield 50% of a traction boihng below 200° C. It is suggested 
that this might be useful as a substitute for turpentine, and in this 
way scrap rubber produced on plantations, which could not be 
otherwise utilised, could be turned to good account. This sug- 
gestion affords a rather curious instance of inversion of economic 
values, since it is only a few years ago that turpentine was con- 
sidered as a likely starting point for the production of S 3 nithetic 
rubber, and now natural rubber is being considered as a source of a 
turpentine-like product. 

Ip a similar manner C. Lefebvre*® proposes to obtain an oil 
having the properties of oil of turpentine by the destructive dis- 
tillation of waste vulcanised rubber. 

The action of selenium oxychloride on purified caoutchouc®® 
prepared from different grades of natural rubber and on synthetic 
rubber prepared from isoprene, in carbon ' tetrachloride solution, 
has been studied by C. E. Frick.’® It was not found possible to 
effect complete purification of the products (which contained 
selenium and chlorine), but the author concludes from the analytical 
results obtained that there is no difference in empirical com- 
position bctw'een the pure rubber obtained from a typical natural 
rubber and the synthetic product obtained by the polymerisation 
of isoprene. 

Physic AT. Pboperties. 

While the physical properties of raw rubber have not been 
studied so intensively as those of vulcanised rubber, a good deal 
of attention has been devoted to the solution viscosity, particularly 
with respect to the possibility of correlating this property with 
that of the rubber after vulcanisation, although such correlation 
has been shown not to be generally applicable. 

It has been known for some time that the viscosity of rubber 
solutions is reduced considerably by the addition of traces of 
acids, such as trichloroacetic acid, and this phenomenon has»been 
made the basis of a method for isolating the insoluble nitrogenous 
constituent present in a solution from which it would otherwise 
settle out only with difficulty. 

The effect of adding other reagents such as benzoic acid, acetic 
acid, mercuric chloride, arfd sulphurous acid, has been studied by 
W. A.N. Eggirfk,'^ who finds that in each case a decrease in viscosity 
occurs. On the other hand, addition of ammonia causes an 

« Phem. Weekhlad, 1923, 20, 78 ; J., 1923, 280a. 

E.P. 188,008 ; J., 1923, 23a. • 

Cf. V. Lenher, J. Amer. Chem. Soc., 1921, 43, 29. 

Ibid., 1923, 45, 1800 ; J., 1923, 844a. 

” Rec. Trav. Ohim., 1923, 42, 317 ; J.. 1923, 610a. 
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increase of visco^'tj^. The decrease in viscosity brought about by 
adding an electrolyte is attributed to the removal of the electrical 
charge, and the author suggests that if suclf a procedure were 
adopted before carrying out viscosity determinations, any re- 
lationship between viscosity and vulcanising properties, which 
othef\\dse would be obscured, might become more apparent. 

In a series of experiments carried out with dilute (0-03-047%) 
solutions of rubber in benzime, K. Shimida’^ finds that the vis- 
cosity-concentration relationship is in accordance with Arrhenius’ 
formula log 7)I7)q—6C, where t) is the viscosity of the solution, % 
that of the solvent, C the concentration of rubber in the 
solution. The results are not afiected by the presence of jesin 
associated with the rubber. 

The swelling of raw rubber in organic liquids has been inves- 
tigated by M. Le Blanc and M. Kroger who find that the degree 
of maximum swelling increases with increasing dielectric constant, 
a result which is not in agreement with the view of Wo. Ostwald,’* 
who concluded, from an examination of the results of other 
workers, that the swelling power decreased with increasing di- 
electric constant of the swelling liquid. According to Le Blanc 
and Kroger, Ciompounds containing halogen or sulphur exhibit 
the greatest maximum swelling power. At the commencement of 
the swelling action the velocity of swelling depends to a large • 
extent upon the viscosity of the liquid, and on this account a 
liquid producing maximum swelUng of a comparatively low order 
may have a swelling velocity considerably higher than one which 
produces a greater maximum swelling. The effeptiveness of 
carbon bisulphide as a solvent for sulphur chloride in coM vul- 
canisation is attributed to its unusually high swelling velocity. 

Vulcanisation. 

The results of a very comprehensive series of researches on the 
mechanism of the cold and hot vulcanisation processes, carried out 
by B. V. Bysow and M. K. Popova,’® arc now available, and in 
many respects supplement and confirm previous work of the first- 
named author. Much of the work covers ground already traversed 
by other workers, and it may be that the experiments were m 
progress at a time when information regarding these was not 
available. 

Vulcanisation with the aiid of sulphur chloride is said to be 
an adsorptive process, although in certain solvents, such as ether, 
benzene, and chloroform, characteristic adsorption curves were not 

” J. Chem. IrM., Japan, 1923, 26, 705 ; J., 1923, 788a. 

KolUnd-Zeits., 1923, 88, 168 ; J., 1923, 1082a. 

Ibid., 1921, 29, 100 ; J., 1921, 667a. 
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obtained, this being attributed to the occurreftce of side*reactions 
■with the solvents. 

Rubber vulcanised with sulphur chloride, after soaking in 
benzene, followed by extraction for three days with boihng acetone, 
lost about two-thirds> of the sulphur chloride, chlorine being 
removed in greater proportion than sulphur, although it is Sftated 
that there were indications that a reaction had occurred with some 
of the solvent used, as the increase in weight of the rubber after 
vulcanisation was greater than that calculated from the added 
chlorine and sulphur. Vulcanisation with sulphur monobromide 
was found to take place in a manner similar to that with sulphur 
chloride. The authors also investigated the effect of immersing at 
ordinary temperatures raw rubber in solutions of sulphur in a 
solvent consisting of a mixture of 75% benzene and 25% sulphur 
chloride. It is stated that the amount of sulphur taken up was 
dependent on the concentration, and indicated an adsorption 
process. 

It was found that water vapour had an accelerating influence on 
the progress of hot -vTilcanisation. It is stated that in hot vul- 
canisation rubber first adsorbs melted sulphur,’* part of which 
remains in a super-cooled condition, insoluble in acetone, another 
part crystallising out on cooling, and a third part combining 
chemically with the rubber. The sulphur in vulcanised rubber is 
therefore present in three states: crystalline sulphur soluble in 
acetone, amorphous super-cooled sulphur which is insoluble in 
acetone but which may be oxidised by means of bromine water, and 
thirdly, chemically combined sulphur which is both insoluble in 
acetoiie and not oxidisable by bromine water. 

The effect of solvents on rubber vulcanised to different degrees 
was examined, and results were obtained which were generally in 
accordance with those of Stevens.” 

The heat of combustion of -vulcanised rubber was found to be 
the same as that of unvulcanised rubber, containing the same pro- 
portion of sulphur. On heating at temperatures above 155° C. 
mixtures containing over 30% of sulphur, however, gavfe an 
exothermic reaction accompanied by the evolution of some hydrogen 
Sulphide. Somewhat similar observations have been made by 
I. Williams and D. J. Beaver’® in experiments on the vulcanising 
of small samples of rubber and sulphur at various temperatures. 
Up to 151° C. the temperature of the interior of the mixing did not 
rise above that of the source of heat, but at 161°, 172°, and 
176° C. the temperature rose to 163°, 178°, and 203° C. respectively. 
With increasing proportions of sulphur up to 14%, or with the 

Of. D. Spence, KoUoid~Zeit8,, 1911, 9, 300. 
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ntroduction of an organic accelerator an increased temperature 
ise occurred. Wlien mixtures of sulphur and resin, on of sulphur 
ind accelerator \vere heated separately, the tetnperature rise was 
^ery small. 

Acetone-extracted rubber, when vulcanis(|d, gave a much lower 
temperature rise than the unextracted, due to the extreme slowness 
)f the reaction, whereby the heat evolved tends to be dissipated. 
Although the temperature rise seems to indicate quite large ener^ 
changes during vulcanisation, cheats of combustion show that in 
reality these are comparatively small. Rubber containing 6*5% 
sulphur was vulcaiiLserl to give on the one hand 0*7%, and 
on the other hand 5*(k /o of combined sulphur, and the heats 
of combustion were 5819 and 5832 calories per gram respec- 
tively. Further experiments tended to show that during vulcanisa- 
tion both an exotheniiic and an endothermic reaction took place, 
the latter predominating only towards the end of the reaction. 

An interesting development in the technique of vulcanisation is 
the discovery of P. Schidrowitz that rubber in the latex form can 
be vulcanised without coagulation occurring.’^® This vulcanised 
latex can then be employed for the purpose of proofing fabrics, 
giving a rubber coating which is already vulcanised. Alternatively, 
the latex may be coagulated to give a vulcanised rubber mass. 

Experiments on the vulcanisation of latex are described by 
W. C. Davey,®® and it is interesting to note that there are several 
respects in which the vulcanisation differs from that of ordinary 
rubber. The general procedure consists in mixing the sulphur 
to a thick cream with ammonia, adding this to the previously 
strained latex, and heating in an autoclave, giving a rise*of 1C 
minutes to the vulcanising temperature, in most cases 141® C, 
At the end of the heating period the steam is allowed to blow 
off very slowly. Owing to the escape of ammonia during the 
operation, it is necessary to add a fresh quantity to prevent coagu- 
lation taking place, if the latex is to be kept. 

After vulcanisation very little change is noticeable, and or 
microscopical examination Brownian movement is seen to persist 
For purposes of testing, the rubber may either be coagulatec 
with acetone and converted to crepe or evaporated spontaneousljj 
to give a thin film. Vulcanisation, as evidenced by combination oi 
sulphur, takes place comparatively rapidly in the early stages o 
the heating, but then slows down. In one experiment 100 c.c. o 
latex, giving 33% of rubber dh coagulation, was mixed with 600 c.c 
of water and 2 grams of sulphur. After heating for 1 hour a 
141® C. the coefficient of vulcanisation was 0*91 ; at the en( 
of 2 hours this risen to 1*07 only. The late of combinatio] 

«E.P. 193,461 ; J., 1923, 732a, 
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with sulphur varies according to the nature of the sulphur. Similar 
mixings of -different forms of sulphur heated for the same time 
gave co-efficients oi vulcanisation : in the case of flowers of 
sulphur, 0*55 ; precipitated sulphur, 147 ; and colloidal sulphur, 
2-44. Polysulphides piay also be employed for effecting vul- 
canisation. Increase in the proportion of sulphur brings abqpt an 
increase in the rate of cure, but the relationship is not a linear one. 
Dilution of the latex tends to retard vulcanisation, as also does the 
addition of ammonia. The presence of litharge does not accelerate 
vulcanisation, as judged by the combined sulphur, and both lime 
and magnesia cause coagulation to take place during the heating. 

In the presence of small proportions of zinc oxide the rate of 
conibination of sulphur with the rubber is increased, but with 
larger proportions, vulcanisation is retarded. If, however, zinc 
oxide is introduced in the form of the liydi’oxide dissolved in excess 
of ammonia, marked acceleration results. 

At temperatures of 140° C., or thereabouts, organic accelerators 
do not exhibit the same activity with respect to latex as to 
ordinary rubber, but at lower temperatures the power of acceleration 
is very much enhanced. 

Compounding Inghedients. 

A good deal of work continues to bo done on the specific effects 
of various compounding ingredients on the properties of vulcanised 
rubber, and, although a mass of information has been collected 
with reference to the tensile strengths and resilient energy of such 
compounded rubber, less attention has been paid to the resistance 
to abrasion which, in some cases, particularly that of tyres, is of 
considerable importance. A systematic investigation has been 
carried out by H. W. Greider®^ for the purpose of determining the 
abrasion resistance of vulcanised rubber. To a basic mixing com- 
posed of rubber 100, sulphur 5, zinc oxide 5, hexamethylenetetr- 
amine 1 (parts by weight), increasing volumes of the pigment were 
added. From sheets of the vulcanised rubber annular test pieces 
were stamped out, and these were tested according to the method 
described by Evans (see p. 380). Of the fillers employed, both 
lithopone and colloidal barium sulphate, when added even in small 
proportion, reduced the resistance to abrasion, and further addition 
resulted in a progressive dfecrease in the resistance. 

Addition of the remaining fillers in gradually increasing pro- 
portions caused at first an increase in abrasion resistance which, 
after reaching a maximum, steadily diminished. 

The filler giving the highest maximum resistance to abrasion 
was “ gas black,” which, in the proportion of 21 vols. per 100 

« Ind. Eng. Chem., 1923, 16 , 604 ; J., 1923, 616a.* 
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vols. of rubber, gave a value of about 18 for the eoeffieient of 
abrasion resistance. Light magnesium carbonate cama next with 
a maximum coefficient of 15, obtained with Q vols, of filler per 
100 voLs. of rubber ; china clay and zinc oxide both gave a 
maximum of about 12 at about 10 vols. of a^ded filler. The curves 
obtairj^cd by plotting the resistance to abrasion against the volumes 
of added filler per 100 vols. of rubber were almost identical with * 
those obtained by plotting the tensile strength in the same Way. 

It was found that there was in general a correlation between 
hardness of the vulcanised rubbers as determined by the inden- 
tation test and their resistance to abrasion. The author considers 
that in order to obtain vulcanised rubber of a high degree of 
resistance to abrasion, it is necessary to use fillers which ti^ill 
impart rigidity, high tensile strength, and high resilient energy 
capacity which involves the possession of high tensile strength, 
together with high extensibility. As it would be difficult to 
secure all these conditions by the use of one filler, it is suggested 
that a combination of two or more fillers would give the most 
satisfactory results. In the author’s opinion, the fillers which 
most nearly fulfil these conditions are light magnesium carbonate 
and carbon black, and the results of experiments are quoted in 
which these fillers were employed in the proportions 10-5, 12-6, 
and 14-7 vols. of gas black to magnesium carbonate per 100 ^ 
vols. of rubber. 

The presence of compounding ingredients frequently results in 
the rubber exhibiting anisotropy in its physical properties. An 
instance of this behaviour is afforded by the so-called calender 
grain, which in the absence of special precautions is usually met 
with even in the case of pure rubber mixings before vulcanisation. 
W. B. Wiegand and H. A. Braendle,® by examining the effect of 
vulcanising pure and compound mixings under various conditions, 
have shown that the grain effect may persist even after vulcani- 
sation, and that the extent to which it is evident depends both 
on the manner in which vulcanising is carried out, and upon the 
presence or otherwise of fillers. The difference in mechanical 
properties of the vulcanised samples determined with and across 
the grain afforded evidence of the persistence of the grain. • 

In the case of the “ pure ” rubber-sulphur mixing very little 
anisotropy was exhibited when the sample was subject to maximum 
distortion during vulcanisation or whan maximum freedom of 
movement was allowed. On the other hand, where the movement 
of the sample was restricted the grain was still in evidence after 
vulcanisation. 

In the presence of compounding ingredients, however, the«grain 
effect remains to a greater or less extent whatever the conditions of 

“ /nd. Eng. Chem., 1023, 16, 269 ; J., 1923, 412a. 
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ndcanisation, but the phenomenon is more marked when the 
fillers arc qf a crystalline character. 

The grain effect therefore, of a dual character and may be due 
to the rubber phase, although this may be eUrainated to a con- 
siderable extent by adjusting the conditions of vulcanisation, and 
also to the influence of fillers, in which case it is more persistent. 

, Further evidence of anisotropy in mechanical properties induced 
by fillers is brought forward by W. W. Vogt and R. B. Evans®® in 
a study of the dimensional changes occurring on stretching vul- 
canised rubber. When a test strip of a simple rubber-sulphur 
mixing is stretched the ratio of the thickness to the width remains 
constant as the elongation increases ; the same phenomenon is 
ob^rved with rubber compounded with certain fillers, for example, 
carbon blacks, zinc oxide, red iron oxide, ground natural barytes, 
whiting, and lithopone. On the other hand, the ratio of the 
thickness to the width of strips compounded with magnesium car- 
bonate, mica, graphite, clay (presumably not “colloidal”) or 
tripoli powder, gradually diminishes on stretching. In these 
cases, therefore, the values for Poisson’s ratio will be different 
according to whether the elongation is compared with contraction 
in the direction of the width or of the thickness. 

In the presence of fillers of the latter kind anisotropy is also 
p >observed in the volume changes which take place on stretching,®* 
acct?j,ding to the direction in which the tension is applied. The 
increase?, in volume on stretching along the grain is least ; across 
^the grain'^ gives a somewhat larger increase ; and when stretched 
in a directiota perpendicular to the grain the volume increase is 
largest of all. Fillers which cause anisotropy of the properties 
of the vulcanised; rubber are termed anisotropic in contradis- 
tinction to thos« which give rise to the same mechanical pro- 
perties when tho^ vulcanised rubber is tested in all directions and 
which are termeid isotropic ; these terms strictly refer to the 
vulcanised rubber \ as a whole and not necessarily to the ^fillers. 
The anisotropy in properties is shown to be due to the shape of the 
particles of the fillers employed, those which are tabular or needle- 
shaped becoipiug orient^ during calendering with their longer 
axes in the direction of the length of the sheet and thus the move- 
ment of the rubber varies according to whether tension is applied 
peipendicularly to the longer or shorter dimensions. 

^ T^' influence of particte size on the properties of compounding 
in|i:edients has been emphasised in ‘previous reports, and further 
e^dence has been furnished by B. F. Twiss®® in the course of a" 
comprehensive survey of the various fillers employed in 
’ * • 

•» tnd. Eng. Chem., 1923, 16, 1016 ; J., 1923, 11861 
Ann, Bepta., 1922, 7, 321. 

•* India BiMer J., 1923, 65, 694 ; J., 1923, 616a. 
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rubber manufacture.* It is shown that calcined magnesia is more 
active as an accelerator when prepared by heating light Magnesium 
carbonate than when prepared by igniting heafy magnesium car- 
bonate in which the particles are relatively large.®® The same 
author shows that differences may result from the use of fillers 
occuiT^ng in different crystalline forms ; litharge, for example 
occurs in the brown and yellow modifications which have been tht 
subjects of investigation by M. P. Applebey and R. D. Reid,® 
who have proved that the yellow variety is the less stable, anc 
consequently the more soluble of the two. Experiments by Twisi 
show that the yellow variety is more active as an accelerator, anc 
this is attributed lo its being more readily soluble in the rubber,.or 
more probably, in the rubber resins.®® 

The method of preparation of a pigment or filler can frequentb 
be regulated so that the particles are of suitable dimensions. Ii 
the case of zinc oxide, it is stated that if metallic zinc is heated an< 
the vapour which distils superheated to about 2000° C., and thei 
passed into a suitable duct in contact with large excess of aii 
rapid oxidation and cooling are effected, and in this way it i 
possible to prepare the pigment so that the maximum particles siz 
is 0*25 micron.®* 

Methods for determining the particle size of pigments have bee: 
referred to in previous reports. The one described by W. ^ 
Vogt,®* consisting in dispersing the pigment in a suitable mediui 
and finding the height of a column necessary to obscure a given 
source of light, has been criticised by E. B. Spear and H. A. 
Endres,®^ who, as the result of numerous experiments, conclude 
that the method is apphcable for comparisons of particle size of 
different samples of the same pigment, if the average diameter of the 
particle is greater than one half the wave length of light. The 
method, however, is not satisfactory when applied to the com- 
parison of different pigments possessing different optical pro- 
perties such as refractive index, light absorption, etc.®® 

An interesting method has been proposed by F. v. Hahn and 
D. Hahn,*® employing an apparatus based upon one employed by 
Wo. Ostwald and F. v. Hahn*® for the measurement of coagulation* 
in colloidal suspensions. The method is based upon the measure- 
ment of the rate of sedimentation of pigment when suspended in a 

• 

•• Of. H. P. Stevens, India Rid}ber J., 1919, 68. 627. 
w Chem. Soo. Trcm., 1922, 121, 2129 ; J., 1922, 980a. 

” Of. G. S. Whitby and A. Cambron, J., 1923, 333t. 

“•New Jersey Zinc Co. and others, E.P. 180,080 • J., 1923, 1020a. 

Ann. Repta., 1922, 7, 319# 

•1 Jnd. Rng. Ohem., 1923, 18, 725; J., 1923, 841a. 

•• Of. W. Feldenheimer, Rui^ Age, 1922, 8, 8. 

1922, 81, 96; J ., 1922, 839a. 

1922, J|l, 82; J., 1922. 839 a. 
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liquid medium, as indicated by the change in specific gravity of 
the liquid’ containing the filler in suspension as sedimentation 
proceeds. ^ 

The microscopical examination of pigments has been dealt with 
by H. Green,®® who points out that in the interpretation of photo- 
micrographs errors are likely to arise owing to working with 
inadequate resolving power. The tendency of most pigments to 
flocculate leads to confusion between individual particles and 
aggregates. 

For the preparation of sections for microscopical examination 
A. F. Hardman®® recommends immersing the sample in molten 
sulphur which causes further vulcanisation and consequent har- 
dening to occur. In tliis condition the sample may be cut readily. 
The method has been applied to the examination of rubber con- 
taining antimony sulphide, for which it is particularly suitable. 

In vulcanised rubber which is subjected to continual wear for 
long periods, as, for example, in the treads of lyres, heat develop- 
ment may occur, and if this is not dissipated comparatively quickly 
the temperature of the rubber may rise to such an extent that 
rapid deterioration will take place. It is important, therefore, 
that the compounding ingredients should possess sufficiently high 
thermal conductivity to prevent heating up. 

Methods for determining the conductivity of rubber mi.xingB 
compounded with different fillers have been described by I. 
Williams.®’ In one case, the compounded rubber is applied to the 
outside of a cylindrical vessel made of copper through which steam 
may be passed, A specially constructed water trap is provided 
in order to keep back water which might enter with the steam, 
and the weight of water condensed within the vessel over a given 
time is ascertained. During the operation the vessel is immcised 
in a bath of water and the temperature rise of the bath is noted. 

The second method consists in rolling the calendered rubber 
round a thermocouple so that it forms a cylinder |-in. in diameter, 
in the centre of which the thermocouple is disposed. The whole is 
wrapped in aluminium foil and immersed in boiling water, efnd the 
^temperature recorded by the thermocouple noted at intervals. 

The first method gives the more accurate results, but the second 
is said to give results sufficiently accurate for most purposes. 

The thermal conductivity of a range of pigments was deter- 
mined, the Mghest value being obtained with zinc oxide, red iron 
oxide being next ; the conductivity of sulphur was lowest, the 
values for antimony sulphide, rubber itself, litharge, clay, talc, 
and gas black ascending in the order given. 

»» Ohem, and Met. Eng., 1923, 28, 63 ; J., 1923, 277a. 

India Rubber World, 1923, 68, 711. 

•» Ind, Eng. Chem., 1923, 15, 164 ; J., 1923, 279a. 
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The temperature development in tyre treads incorporated with 
different fillers has been studied by D. F. Cranor.*^® *A tyre was 
ouilt up in which the tread was in four sections in which the 
different compounding ingredients used were zinc oxide, carbon 
black, glue, and clay respectively. Temperatures were taken by 
means of a thermocouple under normal running conditions, and it 
was found that the least temperature rise occurred in the portion of 
the tread containing zinc oxide. The portion containing clay 
became only slightly warmer, glue came next in order, and carbon 
black showed the greatest temperature rise. Tests carried out on a 
laboratory machine g’ve somewhat similar results, although it 
was noticed that in some cases the clay compound showed .the 
least temperature rise. 

An interesting application of selenium as a compounding ingre- 
dient is suggested by I. Williams,®® who finds that the presence ot 
a very small proportion, less than 0-1%, is sufficient to prevent 
supersaturation of the rubber with sulphur, and thus blooming is 
prevented. 

Inorganic Accelerators. 

The accelerating effect of arsenic sulphide, which has long been 
used as a pigment in the rubber industry, has been determined by 
1). F. Twiss.^®® With 5% of the pigment in a rubber-sulphur 
^90 ; 10) mixing there was a reduction in time of cure at 148° C., 
and even in much smaller proportions B. J. Eaton and R. 0. 
Bishop ^®^ have found that marked acceleration occurs. 

Experiments carried out by these authors with mixings con- 
taining arsenious oxide show that the addition in very small* pro- 
portions (as little as 0‘1% calculated on the whole mixing) causes 
acceleration, but that larger quantities do not produce a corres- 
pondingly higher degree of acceleration. This observation is of 
some technical interest in view of the possibility of arsenic being 
present in small proportion in commercial sulphur, a circumstance 
which might lead to errors in vulcanisation. That antimony 
sulphide may function as an accelerator has been shown by E. 
Anderson and W. M. Ames,^®^ but this may possibly be due to the 
substance containing a sulphide of antimony higher than the* 
trisulphide, as it has already been established that polysulphides 
generally act as accelerators.^®® These authors also confirm the 
statement of A. H. King^®* that iron oxide in presence of brown 
rubber substitute acts as an accelerator. 

Indkt, Bvbher World, 1923, 68, 429. 

»» Ind. Eng. Chem., 1923, 16, 1019 ; J., 1923, 412a. 

InMa Rubber J., 1923, 696 ; J., 1923, 616a. 

wij., 1923, 303 t. 

J., 1923, 136t. 

C. W. Bedford and L. B. Sebrell, Ann. Repts., 1922, 7, 316. 

India Rubber J., 1916, 68, 439. 
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' Th« accelerating influence of ammonia has been known for some 
time, and in this connexion it is interesting to note that metalliS 
ammines, such as tHe addition product of ammonia with zinc sulphate, 
ZnS 04 , 6 NH 3 , possess marked accelerating properties,^®® a com- 
pound of this type having recently been put upon the market. 

Obqanic Accelerators. 

Recent work on organic acceler?tors is concerned not so much 
wdth the discovery of new individual substances or classes of 
substances capable of acting as accelerators as with the determina- 
tion of conditions of vulcanisation under which particular ac- 
3elerators may be used to the best advantage. 

The only important new class of accelerator described is that 
of the dithio-acids containing the grouping -CS-SH. Dithio- 
carbamates have been recognised as active accelerators for some 
time, but the activity was originally regarded as a function of the 
amino grouping. It is probable that the active group in this class 
of accelerators is really the -C ( : S)*S- group, as S. M. Cadwell,^®* 
E. Romani,^®’ and G. Bruni^®® find that the dithio-acids which do 
not contain the amino group are “ ultra-accelerators ” in presence 
of zinc oxide, Tlie dithio-acids are prepared by treating the 
corresponding aldehydes with hydrogen persulphide or, preferably 
by the action of ammonium polysulphide on an alcoholic solution 
of the aldehydes. Thus, furfural yields dithiopyromucic acid, 
salicylaldehyde gives dithiosalicylic acid, and dithiobenzoic acid 
is obtained from benzaldehyde. 

All investigation on the activities of various derivatives of 
1 -mercaptobenzothiazole has been carried out by L. B. SebreU and 
C. E. Boord.i®® The compounds used were prepared by four 
different methods, ^^® which consisted in heating in a steel autoclave 
mixtures of ( 1 ) substituted dithioureas with sulphur, according to 
the method of E. Romani, ( 2 ) zinc salt of the corresponding 
aryl dithiocarbamic acid and sulphur, (3) the ammonium salt bf 
the same acid and sulphur, (4) the arylamine, carbon disulphide., 
and sulphur. 

The properties of the thiazoles, their lead and zinc salts, and 
their disulphides are described in detail. In the compounds pr^ 
pared by the authors various substituent groups were introduce 
into the benzene nucleus; and the activities as accelerators of these 

' Skellon, T. H. Roberts, and H. B. R. CJlarke, E.P. 204,902; J., 

1922, l]h7A. 

E.P. 177,493 ; J., 1923, 1033a. 

^ Caoutchouc et OuUa Percha^ 1922, 12, 11,626 ; /., 1923, 107a. 

India Rubber J., 1922, 64, 927 ; J., 1923, 63a. 

w* Ind. Eng, Chetn., 1923, 16, 1009 ; J,, 1923, 1187a. 

J, Amer. Chem. 8oc., 1923, 46» 2390. 

^ Qaz, Chim. /to/,, 1922, 62, 29. 
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derivatives detertyirifed in a mixing, rubber 100, sulphur 3*5, zinc 
oxide 5, together with 1 part of 1-mercaplobenzothisCzole or the 
molecular equivalent of the substituted compoifnd. Temperatures 
of 125° and 141° C. were employed, and the compounds ranged in 
order of activity as determined by the load necessary to give , an 
elongu-tion of 700% at 10 minutes euro. The most active substance 
was found to be l-mercapto-3-methylbenzothiazole, the order of 
the remainder being as folloM's : — 3.6-dimethyl, parent substance, 
6-methyl, 5-ethoxy, 5-methox^. The accelerators were in the 
same order at both temperatures. In the absence of zinc oxide the 
acceleration produced was extremely smaU, and the zinc salts 
exhibited a similar behaviour, requiring the presence of the metallic 
oxide for the development of the full activities. The disulphides 
were found to be less active than the free thiazoles, both with and 
without zinc oxid(\ Replacing the benzene nucleus by an aliphatic 
residue as in /i-mcrcaptothiazoline, 


CH,— S. 

I >CSH 

CHa— 

yielded a compound with inferior accelerating power. 

Replacement of the sulphur in the thiazole ring, as in 1-mercaptO' 
benzoxazole, 

C,h/ ^csh 

gave still lower acceleration, and the replacement of the -SH 
group by -NHg or -OH yielded derivatives which were almost 
inactive. 

The vulcanisation of rubber in solution by the interaction of 
hydrogen sulphide and sulphur dioxide, according to the Peachey 
method, proceeds more rapidly in presence of benzoquinone.^^* 

The remarkable activity of the dithiocarbamates and other 
compounds of the class known as ultra-accelerators is frequently a 
source of trouble, ov^ing to vulcanisation commencing during the 
preliminary operations of milling and calendering, and several 
methods have been devised in order to overcome this defect. 

For example, the mixing may be made with all the necessarj^ 
ingredients except sulphur, which is dusted over the surface when 
the article is in the shape required. On keeping at ordinary tem- 
peratures the sulphur penetrates into theru})ber and vulcanisation then 
proceeds slowly, the degree of vulcanisation being (ietermined by 
the proportion of accelerator present. This method has been 
described by E. Romani, although priority is claimed by U. 
Pestalozza.^^* 


^ Peachey Process Co. and S. J. Peachey, E.P. 190,051 ; J., 1923, 1Q?J^. 
Caoutchouc et Qutta Percha, 1922, 19, 11,626 ; iT., 1923, 107 a. 

Jndio BiAbw J„ 1923, 65, 238 j J., 1928, 279a. 
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Another method described by Romani is*to incorporate in the 
mixing the sulphur and other ingredients, and immerse this in a 
solution of zinc dithiopyromucate in acetone The principle of 
allowing diffusion of the sulphur and accelerator may also be 
applied by building up the article from a number of sheets con- 
taining alternately, in the one case the sulphur, and in therother 
case the accelerator, and exposing the whole to a suitable tem- 
perature ; or the sulphur may be introduced into the whole of the 
layers which contain alternately t’.vo compounds which react to 
give an active accelerator 

The fact that certain accelerators do not exhibit marked activity 
maj^ be due to their melting at a temperature higher than that at 
which vulcanisation is conducted. By mixing two such substances 
together the melting point is reduced and the activity enhanced.^^® 

One of the characteristics of mixings containing certain accele- 
rators is that the ])hysical properties acquired on vulcanisation 
remain constant over a somewhat extended period of heating 
the importance of this so-called flat-curing or plateau effect lies in 
the fact that variations in the time of cure do not adversely affect 
the properties of the vulcanised rubber. This behaviour is par- 
ticularly evident in the case of the l-mercapto-3-methylbenzothiaz- 
ole examined by Scbrell and Boord.^^^ 

Among other compounds which act in a similar manner, the salts 
of the alkylxanthic acids may be cited ; for example, mixings 
which contain zinc or cadmium propylxantliato in the presence of 
zinc oxide may be heated at comparatively low temperatures, 
from 60° C.^to 130° C., when vulcanisation proceeds until a 3 )oint is 
reached at which the physical properties remain constant on further 
heating, even though a considerable proportion of free sulphur is 
still present. 

The effectiveness of accelerators in obscuring variations in raw 
rubber, which has hitherto been tacitly assumed, has been inves- 
tigated by G. Martin and W. C. Davey.^^^ Samples of different 
kinds of rubber were vulcanised in a mixiflg containing 10% of 
sulphur and the times of cure ascertained ; these varied from 
50 minutes in the case of wet roll from creosoted latex to 115 

t. 

^®Ivoc. cit, 

Gf. H. A. Morton, U.S.P. 1,434.908 ; J., 1923, 64a. 

M. M. Harrison and H. A. Morton, A^srs. to Millar Rubber Co., 
U.S.P. 1,434,892; J., 1923, 6iA. . 

ii»The Naugatuck Chemical Co. and S. M. Cadwell, E.P. 174,916; 
J., 1923, 789a. 

G. H. Stevens and C. H. Eaton, U.S.P. 1,466,743 ; J., 1923, 1187a. 

“®C. 0.* North, Ind. Eng. Chem.» 1922,, 14, 862. 

^Loc. cit. * 

Dunlop Rubber Co., D. F. Twiss, and P. Thomas, E.P. 204,767 ; 
J., 1923, 1187a. 

“V., 1923, 98t. 



minutes in the ca^ bi a sample of crepe. The same rubbers were 
then vulcanised at the same temperature in a mixing of rubber 90, 
sulphur 10, zinc oxide 6, and thiocarbanilide 1 * the times of cure 
necessary to give an elongation of 700% at a load of 0*6 kg. per 
sq. mm. varied from 10 minutes to 75 tninutes. The sample 
requiiing 115 minutes in the pure mixing was vulcanised in 43 
minutes in the accelerated mixing, while that curing in 50 minutes 
required 75 minutes in the presenec of accelerator, the order of the 
rate of cure of the two rubbers thus becoming inverted when 
employed in an accelerated mixing. 

Judging by the atl.iiiiment of maximum tensile strength, the 
variation in time of cure was not so pronounced, being reduced 
from ± 26% in the rubber-sulphur mixing to ± 17% in the 
accelerated mixing; similar results were obtained when the co- 
efficients of vulcanisation at a given time of cure were compared. 
Two rubbi^rs having different rates of cure in a mixing containing 
sulphur alone, were compounded with zinc oxide and different ac- 
celerators, including thiocarbanilide, aldehyde-ammonia, p-phcnyl- 
enediarnine, m-phenylcnediamine, “ suparac,” and p-nitrosodime- 
thylanilinc, in the proportions : rubber 90, sulphur 10, zinc oxide 
5, accelerator 1. In each case the 'sample showing the higher 
rate of cure in a “ pure ” mixing was vulcanised in a shorter time 
in i)resence of an accelerator. A similar investigation carried out • 
by H. P. Stevens showed that, judging by the extensibility of 
the vulcanised samples, variations in times of cure were obscured 
more completely by hexamine than by thiocarbanilide. Latex- 
sprayed rubber, which was the fastest curing of all the samples 
examined, pT'eserved this order when accelerated by uhiocafbanil- 
ide, but in the hexamine mixing the rate of cure was exceeded by 
a sample of matured slab and by ordinary pale crepe. 

For comparing the activity of accelerators, G. S. Whitby and 
A. Cambroffi^^ introduce the compound into a rubber cement made 
with xylene and containing sulphur and zinc oxide, the whole being 
immersed in a bath of boiling water. The contents of the tube are 
stirred by means of a mechanical stirrer and the time taken for the 
cement to set to a gel and adhere to the stirrer is noted.^^e n jg, 
stated that the setting point can be ascertained with a fair degre® 
of precision, duplicate experiments giving results within half a 
minute. 

Regarding the theory of, the actioh of accelerators, further 
evidence in favour of the polysulphide theory of Bbdford and his 
co-workers has been brought forward by Sebrell and Boord.^°® 
The authors find that metallic salts of mercaptobenzothiazoles are 

1** Bull Rubber Orowera' Assoc., 1923, 5 , 292 ; J., 1923, 667a. 

«« J., 1923, 333t. 

*** Cf. Bedford and Sebrell, Am. Repts., 1921, 6, 368. 

^ Am. Rep^s., 1921, 6> 366. 
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Easter curing than the free compounds and th^t both types are 
Easter curing than the disulphides. Moreover, the mercapto- 
benzothiazoles reqi^rc the presence of metallic oxides in order that 
they may exhibit their full activity as accelerators. These facts are 
held to be more in afcordance with the theory of Bedford and 
Sebrell, who regard the zinc salts as giving rise to polysulphides 
wjtdch furnish the sulphur necessary for vulcanisation, rather than 
that of Bruni and Romani, who regard the disulphides as the inter- 
mediate compounds which, by deccftnposition, yield sulphur in an 
active form. 

W. Scott regards diphenylguanidine as a hydrosulphide poly- 
suljihide accelerator and for its constitution favours the amino 
structure C6H5*NH*C(NH 2) : N‘C8H5 rather than the imino structure 
(C5H5-NH) 2 : 0 : NH, the hydrosulphide being represented by the 
formula (CgH5*NH)2 : C : NHg-SH. Although diphenylguanidine 
decomposes just above its melting point into ammonia, aniline, and 
triphenyldicarbimide, this decomposition does not occur at normal 
vulcanising temperatures, and the acceleration is not to be 
attributed to ammonia produced in this way. 

According to E. Romani,^®’ it is probable that aldehyde-ammonia 
and othei similar condensation products are first decomposed, 
yielding ammonia, which gives rise to ammonium polysulphide, 
and this in turn reacts with the aldehyde to form dithio-acids. 

The function of metallic oxides, especially zinc oxide, in pro- 
moting the activity of accelerators has been further investigated 
by C. W. Bedford and H. Gray,^*® who attribute its action to its 
maintaining, the concentration of the accelerators in the rubber 
mixing. Hydrogen sulphide is known to precipitate zinc sulphide 
from zinc cUthiocarbamates with formation of free acid, and this 
reaction will take place in a rubber mixing from the hydrogen 
sulphide formed by the interaction of the sulphur with the rubber 
resins. The retarding influence of hydrogen sulphide was demon- 
strated experimentally by immersing a mixing containing the zmc» 
salt of a dithiocarbamate in the gas for a few hours, after which 
Tidteanisation was shown to proceed comparatively slowly. Horinj 
normal vulcanisation zinc oxide re-forms the zinc salt and thui 
preserves the activity of the accelerator. A similar result may b< 
achieved by using excess of the zinc dithiocarbamate, in which ca 8 ( 
vulcanisation will proceed at ordinary temperatures, even ii 
absence of zinc oxides. Eurther prqof of the mode of action oi 
zinc oxide was afforded by the fact that tetramethylthiouran 
disulphide could be used in place of zinc oxide in a mixing con 
taihing a zinc dithiocarbamate. Small proportions of one of eacl 
of tibeie compounds introduced into sinular mixings were found no 

Eng. Chem., 1923, 15. 286; J., 1923, 412a. 
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to effect acceleration. When, however, the two mixings wto'’ 
combined, the resulting mixture cured very rapidly. «This is said 
to be due to the reaction between the teitfamethyldithiouram 
disulphide and the hydrogen sulphide, which prevents the 
latter from decomposing the dithiocarbamate. 

Zinc salts of weak acids, such as stearic and oxalic acids, are 
equally effective. In connexion with the behaviour of zinc oxide, 
it is pointed out that the function of the zinc oxide may cease 
during hot vulcanisation owing to the reaction products not being 
in intimate contact with particles of zinc oxide alter a lapse of 
some little time. In this way the heating may be continued and 
no apparent vulcanisation take place beyond a certain limit. 
When, however, the vulcanised sample is removed from the press 
and allowed to remain at ordinary temperatures, migration of the 
components of the reaction may take place and the zinc salt of 
the dithiocarbamate be re-formed and vulcanisation proceed at 
ordinary temperatures. Figures are quoted showing the effect of 
storage on a sample which was hot cured until the stage was 
reached at which no further change in tensile properties occurred 
on continued heating. On keeping at ordinary temperatures, 
however, vulcanisation proceeded, and at the end of 75 days a 
marked change in tensile properties had taken place. 

The fact that many accelerators exhibit enhanced activity hu 
presence of bases, such as ammonia and aniline, has been pointed 
out by several workers, and an explanation of this behaviour is 
offered by G. S. Whitby and A. Cambron,^®^ whose experiments 
lead them to conclude that such bases act in a dual capacity. ‘ In 
the first place, the base neutralises the acids which G. S. ^^tby. 
and A. R. Winn^®® have shown to be present in the acetone-soluble 
portion of rubber. The solid acid present in Hevea resin, a 
saturated fatty acid, which has been named heveic acid, was 
shown to retard the vulcanisation of a rubber cement containing 
an active accelerator ; stearic acid behaved in a similar manner. 

On the other hand, addition of bases such as ammonia, methyl- 
anilfne, and piperidine, hastened the setting of the cement ; addition' 
of small quantities of piperidine, for example, to a cement con- 
taining zinc pentamethylenedithiocarbamate effected a mackad,. 
reduction in the time of setting, but with increasing proportions 
the base a point was quickly reached after which further additioa 
did not cause a marked increase in the’rate of vulcanisation, llijfl 
may be explained by assuming that after the resin aci(k are,^ 
neutralised the added base ceases to function. 

Ann. iJepte., 1922, 7,^26. 
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Further experiments showed that not oidy^ does the base 
neutrahse the resin acids which, if left in the free condition, would 
retard vulcanisation^ but that the soaps which are thus formed 
increase the degree of dispersion of the caoutchouc and lead to an 
increased rate of reaction with sulphur. 

In many respects these views supplement those of Le Blancrand 
Elroger,^®^ who suggested the possibility of comparing the activity 
of accelerators in solutions and who regard the action of accelerators 
as affecting the rubber and not so much the sulphur. 

An interesting point in connexion with the action of litharge on 
certain accelerators has been brought to light by P. L. Bean.^®^ 
In a mixing contaming, in addition to rubber and sulphur, piperi- 
dine ' pentamethylenedithiocarbamate and zinc oxide, the addi- 
tional presence of litharge caused a retardation in the commence- 
ment of the vulcanisation, but did not appreciably affect the 
ultimate time of cure. This suggests a possible method of pre- 
venting premature vulcanisation in mixings containing active 
accelerators. 

Ageing. 

Some intei'csting data regarding the mechanism of accelerated 
ageing of vulcanised rubber have recently been obtained by 
B. Marzetti.^3® The effect of heating in different gases at a 
'constant temperature of 77° C was determined, and it was found 
that whereas samples heated in a sealed tube containing oxygen 
deteriorated completely, there was no appreciable loss in physical 
properties when they were heated in an atmosphere of carbon 
dioxide,, or left for a long period in the mould in which they had 
been vulcanised. The author concludes that ageing is an after- 
vulcanisation induced by the oxygen of the air, very small pro- 
portions of which are sufficient to bring about the destructive 
change, just as small proportions of sulphur may produce vul- 
canisation. The ageing of samples vulcanised for different periods 
of time at 143° C. was examined, and it was found that the velocity 
of absorption was greater in samples vulcanised for longer times ; 
the rapidity of ageing is therefore held to be a function of the 
v^slocity of oxygen absorption, the actual quantity of oxygen 
required to produce complete physical deterioration being 
approximately the same for all degrees of vulcanisation. The 
author also found that with mixings vulcanised to give similar 
physical properties unaccelerated samf)les absorbed oxygen much 
much more rapidly than accelerated samples. 

Experiments on the natural ageing of rubber vulcanised , with 
the aid*!of some of the more active accelerators hav^, been described 

R&pta., 1921. 5, 363. 

India Rubber J., 1922, 64, 1051 ; J., 1923, 106a. 

Giom, Ohm. Ind. Appl, 1923, 6, 122 ; J., 1923, 46^a. 



INDIA-RUBBEK. 


379 


by C. C. Davis.^®’ ^The accelerators employed 'comprise diethyl- 
amine diethylditlSocarbamato, the dimelhylamine and piperidine 
analogues, and the thiouram disulphides cor»3sponding to these 
three compounds. Various mixings were used ; in one case, 
smoked sheet 100, sulphur 1, accelerator }, zinc oxide 100, and 
thescb were cured for 10 minutes at 30 lb. In nearly every 
instance, after keeping for two years under ordinary circumstances, 
the tensile strength was found to be higher than that of the 
freshly cured sample, and the olongaiion with a given load had in 
aU cases decreased slightly. The addition of litharge in ]3resence 
of piperidine pentanH ihylenedilhiocarbamate as accelerator had 
no appreciable eltoct on the rate of cure or the ageing properties. 

Very little di 'Terence in the tensile or ageing properties was 
observed even v'h^n the proportion of accelerator was halved. 
With 3 parts of sulphur instead of 1, however, keeping the time of 
cure of the coni})ounds the same, a marked deterioration had 
occurred at the end of two years, and this was much more notice- 
able in the case where 4 parts of sulphui' were added. By reducing 
the temperature of vulcanisation, however, the ageing i)roperties 
were much improved, and by reducing the time of vulcanisation 
still better tensile and ageing properties resulted. The author 
concludes that the use of so-called ultra-accelerators does not lead 
to more marked deterioration on ageing than is obtained by usin^ 
the less active accelerators, especially if the vulcanising conditions 
are chosen with due regard to the proportions of sulphur and 
accelerator present. 

It is generally agreed that rapid ageing is more frequently 
attributable to an excessive period of vulcanisation than to the 
harmful influence of compounding ingredients,^*® but very little 
work has been done with the object of comparing the ageing 
properties conferred by various compounding ingredients. 

In experiments on the ageing of mixings compounded on the 
one hand with antimony sulphide and on the other hand with red 
ii’on oxide, both largely used pigments, E. Anderson and W. M. 
Ames^*® have shown that the ageing properties may be to some 
extent influenced by the nature of the compounding ingredieilts 
used. The pigment was introduced into a simple mixture of 
rubber (90) and sulphur (10), and also into a mixture in which a 
proportion of the rubber <was replaced by brown vulcanised oil 
substitute. The samples containing antimony sulphide showed 
consistently better ageing properties than those containing iron 
oxide, whether the mixiijg contained substitute or not. 

India Bubber J., 1923, 66, 303 ; J., 1023, 989a. 
w* Arm. Bepts., 1922, 7, 323. 



380 


^ttBTOBTS 07 THE FBOOBESS 07 APPLIED OHEMIBTBT. 


Some interesting photomicrographs have been obtained by 
W. M. Ames^*® in the course of experiments on the ageing of 
vulcanised rubber. •'Samples of a rubber-sulphur (90 : 10) mixing 
under-cured, normally cured, and over-cured were kept at 70® C., 
and samples withdrawr daily from which sections were cut and 
photomicrographs obtained. In all cases the free sulphur forma- 
tions increased in size at first, but afterwards gradually broke up 
and the amount of visible sulphur diminished. This was shown to 
be due to loss in sulphur from the stirface of the sample with con- 
sequent migration of sulphur from the centre portions from which 
the sections were cut. In the case o^ a sample of vulcanised 
rubber which had perished at ordinary atmospheric temperatures, 
the condition of the free sulphur was the same as in the freshly 
vulcanised sample. This tends to show that the conditions of 
artificial ageing are not strictly comparable with those of natural 
ageing. Reference may be made to the proposal. for the addition 
of anti-oxygens, such as tannin or quinol, for the purpose of 
improving the ageing qualities of raw and vulcanised rubber 


Testing. 

An apparatus devised by B. Marzetti for the purpose of deter- 
mining the plasticity of unvulcanised rubber, presumably after 
jnastication, has been described.^^ The rubber sample is enclosed 
in a strong cylindrical vessel, the lower portion of which terminates 
in a cone provided with an orifice of suitable dimensions. The 
apparatus may be kept at any desired temperature by immersing 
in a bath of glycerin. The upper portion of the cylinder is con- 
nected to a supply of compressed air, the application of which 
causes the rubber to be extruded from the orifice. The length or 
weight of the strip of rubber extruded in a given time will depend 
upon the plasticity at the temperatures employed, and a com- 
parison of different samples is thus possible. A rather interesting, 
application of the apparatus is in connexion with the testing of 
the activity of accelerators. In mixings which do not tend to 
vulcanise at the temperature of the bath, which may be from *80® 
to 100° C., the lengths of rubber extruded in successive intervals 
will be equal for equal times ; but if there is a tendency for vul- 
canisation to set in, as, for example, in accelerated mixings liable 
to “ scorch, the lengths of the strips issuing in a given time will 
gradually diminish owing tcf the firming up of the mixing. 

^ A method for determining the resistance of vulcanised rubber 
‘ tOvAbrasion has been described by W. W. Evans.^“ Circular rings 
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are stamped out by means of a die from a sheet of the rubbeti* 
and after weighihg are attached to a steel spool which is fixed to 
the lower end of a vertical spindle, capable o^J being driven at the 
rate of about 130 r.p.m. The samples are kept apart by means of 
separator rings and immersed in loose carborundum, contained "in 
a b(jx, a “ head ” of 5 inches of abrasive being allowed. After 
rotating for 4 hours, the position of the spool is reversed and the 
test continued for another period of 4 hours. The degree of 
resistance to abrasion is ascertained by the relative loss in volume 
of the samples under test ; the loss in weight is actually deter- 
mined, and from a lenowledge of the specific gravity the volume 
loss is calculatetl. 

It is necessary in each case to include a standard sample* of a 
rubber compound of known abrasive properties, and the loss in 
volume is calcuhied as a proportion of the loss undergone by the 
standard. This method has been employed by H. W. Greider^** in 
an investigation dealing with the effect of various compounding 
ingredients on the abrasive properties of rubber, to which reference 
has already been made. The tests were run at a speed of 170 r.p.m., 
under which conditions a rise of temperature of the abrasive and 
samples to 65*5° C, took place. After each test the mixture of 
carborundum and rubber dust was passed over a screen to remove 
abraded rubber and any carborundum reduced to a fine mesli, 
during the process. It was found that unless the grain of the 
carborundum was kept constant variable results were obtained. 
The results were expressed in terras of the “ co-efficient of abrasion 
resistance,” which is the reciprocal of the percentage loss in 
volume resulting from the test after a standard num ber of -revolu- 
tions, in this case 100,000, or approximately 10 hours’ rotation in ’ 
the abrasive. 

An abrasion testing machine of the fixed t 3 rpe is described by 
H. A. Depew, and consists essentially of a circular turntable 
provided with an abrasive track made by casting a mixture of 
Portland cement and abrasive quartz. The samples of vulcanised 
rubber to be tested are held in position against the surface of ti^'‘ 
track, which rotates at the rate of about 30 r.p.m. The track k 
kept free from abraded rubber by means of stationary brushes, 
and suction pipes are placed at intervals to carry away the dusi; 
In a comparison of results obtained by this method and the loose 
abrasive method describe^ above, the author found^*® that thS 
values obtained were of the same order over a range of samptea, 
but that the loose abrasive method tended to emphasise ifc 
difference between a good and a poor resisting sample. 

• • 
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The measuremont of temperature in rubber, particularly in tyres, 
by means of thermocouples has been studied by E. B. Spear and 
J. F. Purdy ,1^’ who find that the temperatures recorded are liable 
to be much too low unless the wires are embedded in the rubber 
for some distance from, the thermal junction. The authors have 
devised a new type of thermocouple specially adapted for taking 
the temperature of tyres during running tests. 

The mechanical testing of rubber has been discussed by G. S. 
Whitby,^*® who compares the ring-shaped test piece with the 
straight or dumb-bell type. The method of plotting tensile curves 
in which the strains are recorded as abscissae and the stresses as 
ordinates is favoured.^ 

Analysis. 

The methods at present in use for the analysis of rubber are 
probably of a very diverse character, each laboratory favouring its 
own special procedure. In cases where the analysis is carried out 
in order to ascertain whether the material is in agreement with the 
requirements of specifications, the adoption of standard methods 
of analysis would bo to the advantage of both the consumer and 
the manufacturer. For the past year or two a committee of the 
Rubber Division of the American Chemical Society, acting in con- 
junction with a sub-committee of the American Society for Testing 
Materials, has been engaged on the task of formulating methods of 
analysis which will be acceptable to all concerned. The tentative 
scheme originally recommended has been discussed and slight 
modifications and additions introduced ; the complete scheme, as 
finally , approved, has now been published and will be seen to 
embrace, in addition to the older analytical processes, determina- 
tions of free carbon, glue, and cellulose.^®® 

The aid which the microscope may render in the examination of 
vulcanised rubber articles is indicated in a communication by 
W. M. Ames,^®^ who shows photomicrographs of sections of rubber 
containing glue and rubber substitute. 
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LEATHER AND GLUE. 

,5 By D. WooBEOFFE, M.Sc., A.T.C., 

Head of Leather Department, Northampton Technical School. 

There has been a gradual buv general improvement in trade during 
the past twelve months, in which most sections of the leather 
industry have partic.T-aied. It is difficult to trace the source of 
this improvement. The boot and shoe manufacturers disclaim 
any improvement in trade, but export returns and employment 
returns arc against them. Many factories in the Northampton 
district are worki ig full time and some even on overtime, notwith- 
stalling that this is the slack time in the boot and shoe trade. 

The boot and shoe industry, as well as the leather trade, has 
enlarged its productive capacity by several times during the last 
ten years. Some leather works liavc a capacity for turning out 
five times as much leather as they did in pre-war days, and until 
the slump came in 1921 they were manufacturing at full pressure ; 
even now they are dressing much more than their pre-war output. 
Hides have touched the lowest figure and there has been a slighV 
increase in price. There is not a great deal of unemployment in the 
leather and allied trades. Repeated attempts have been made to 
force up the prices of hides, but without success.^ In the case of 
sheepskins, however, prices are being increased, the Jlnited States 
being responsible for a great deal of the high-priced raw nftiterial. 
In July nearly two million woolskins were sold to the States, as 
compared with 34,000 in the same month of the previous year. 
For the seven months ended July we shipped nearly 3J million 
skins, as against 400,000 for the same period of 1922. For the 
eight months ending August, 1923, the exports of English woolled 
skins were 13,844 cwt., against only 4843 cwt. for 1922. 

Iffiring the last three months of 1923, the wages of American shoe 
operatives have been increased by 11%, which brings them back to 
the war-time peak.^ The suggestion was put forward in last yeaf s 
Report that there must be a scarcity of leather in the States, 
otherwise British tanners would not be finding such a profitable 
outlet for their production^ in that ’country. American suede 
calf has been difficult to obtain for some time pftst. Practically 
no American sole leather is being imported into this country, 
and with the exception of glazed kid and patent leather, very little 
high-grade leather is conung from America. 

^ Of. Ann. Eepts., 1922, 7> 334. 

* Leather Trades Eev.t 1923, 842. 
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'Sole leather tanners are enjoying a period of prosperity wmcn is 
unique in many respects! There is an absence of American com-^ 
petition and excha^'ge vagaries render French competition specu^ 
lative and unreliable. The raw materials have slumped to very 
low limits. Tanning m^aterials have been remarkably cheap, but a 
reaction has set in. The shortage in home supplies of raw hidep has 
been counterbalanced by foreign supplies of dried and dry-salted 
hides. On the other hand, shoe manufacturers have been exceed- 
ingly keen to purchase low-priced leather, and it has been impossible 
to obtain any advance in prices, which are almost pre-war. 

The demand for cheap sole leather is being met by changed 
methods of manufacture. Before the war sole leather was given 
** suspenders,” “ handlers,” “ layers,” and “ dusters,” and the 
tannage required about three months or longer. Some of the larger 
tanyards had proved the efficacy of motion during tannage, and 
hides were enclosed in lattice drums in the liquors and the drums 
' could be revolved during the process. This principle was extended 
very considerably during the war, and sole leather is now being 
tanned in from tliree to five weeks. 

The finished product is firm, waterproof, and cheap. It contains 
a high percentage of water-soluble matter, but according to a 
recent research® this is not detrimental to the wearing properties. 
^The supremacy of the British heavy leather industry is very 
gratifying in view of the fact that most of the leather trades 
chemists are employed by that branch of the trade. The achieve- 
iCents of the British tanner are due in no small degree to the 
extract manufacturers, and some of the most eminent chemists 
connected with the leather trade are devoting their energies to this 
branch of the industry. 

The chrome leather industry is reviving. Mention was made in 
last year’s report* of its terrible plight owing to foreign competition. 
Several firms have been able to meet this competition, whilst 
others have marked time until recently. The French occupation 
of the Ruhr has impeded trade with that district, and at the time 
of writing encouraging reports are being received from aU the 
manufacturers of chrome calf, as they are findhig a greater demand 
for their productions. Suede and* white calf find a very ready 
market, but producers are hesitating before extending their pro- 
ductive capacity on such luxury leathers. Glazed kid is being 
manufactured in greater quantity, but much prejudice is arising 
owing to the unscientific methods bf production practised by 
several individual firms. There is an urgent need for the appli- 
Oation of more science to this branch of the leather trade, which is 
essentially chemical tanning, but the difficulty appears to be in 

• V.8, Dept, of Agric. BuU. No. 1168 ; J., 1923, 1142a. 
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securing the right type of trained individual. Either the chemist 
is not practical of the practical man has not had the opportunity 
of a training. It is very difficult to combine ^jfficient training in 
both theory and practice. 

There is the same difficulty in connexion with leather dyeing. 
Sevo];;^,! of the most important leather manufacturers appear to 
have realised the need for a man who has a practical knowledge of 
dyeing and yet who is a highly trained chemist with a thorough" 
knowledge of the chemistr> '^f dyestuffs. Such men are very 
difficult to obtain, and possibly there are not more than haM-a-dozen 
in the country. Yet ^l.'e writer believes that there is a great field 
for those who can apply their knowledge to the particular problems 
of leather dyeing and finishing. Such men always improve* the 
standard of production, and that is an achievement in these days of 
keen competition. There are many problem, s, such as fading, the 
effect of fat liquoring, and difficulties in finishing, which are 
essentially applied chemistry. 

There have been two notable contributions to the literature of 
the trade. M. C. Lamb’s “The Manufacture of Chrome Leathers”® 
is a most excellent book, and will prove a valuable aid to this 
branch of the industry. It is the first English publuuxtion on this 
subject and is, therefore, the more w'clcomc. It describes the 
preparation of the pelt for tanning, the one-bath and two-bath», 
methods of chrome tanning, and the finishing of different kinds of 
leathers. J. A. Wilson has published a book on “ The Chemistry 
of Leather Manufacture,”® which is unfortunately spoilt by the 
author’s strong personal views on the theory of tanning, bating, 
and methods of tannin analysis. • 

The Society of Leather Trades Chemists held its biennial con- 
ference at Barcelona in September, and some important alterations 
were made in the methods of analysis, which are described later. 
Official methods have been adopted for the analysis of chrome- 
tanned leathers. Dr. Pickard, Director of the British Leather 
Manufacturers Research Association, delivered two lectures^ on 
November 29th, and described the results of the recent work -of 
that association. Sdme reference to that work is also given below. 

R. Kissling ® has published a book on “ Glue and Gelatin ” ift 
German. It is a practical work and contains very little chendstry. 
It describes the manufacture of gelatin and glue in detail, and 
contains a very large list of references •to patents. One section is 
devoted to the valuation ot glue, gelatin, by-products, and raw 
materials. J. Alexander® has written a monograph on the same 

® Chem, and Ind., 1923 , 739 . 
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subject, which furnishes a well-digested survey of the tesearch 
work already done on these materials. The chemistry of glue and 
gelatin is treated very ably, and considerable stress is laid on the 
importance of hydrogen-ion concentration. The author expresses 
the view that no one has hitherto made or experimented with 
chemically pure gelatm. The ash and water content of the gdatins 
used in various researches is rarely stated. The best book on this 
subject is one published at the close of 1922 by R. H. Rogue on 
“ The Chemistry and Technology ot Gelatin and Glue,” a compfe- 
hensive work of 644 pages. It is of the greatest value to the chemist 
in the glue and gelatin trade, as a large portion of the book is 
devoted to the testing of glue and gelatm. A large number of 
physical and chemical methods is described, and the author empha- 
sises the importance of determining the pn value of a 1 % solution 
of glue. He also includes an account of most of his own wotk 
dealing with the uses of glue as an adhesive, aiid he deals fully 
with the factors affecting the strength of a gliied joint. 

Curing and Soaking. 

Curing and soaking have been scientifically investigated during 
the past two or three years, and the investigations have resulted in 
some interesting discoveries. 

G. 1). McLaughlin and G. E. RockwelR^ have continued their 
researches on the bacteriology of the curing of hides and skins. 
There arc various factors which influence the growth of bacteria on 
hides and skins during the curing process. A certain amount of 
salt ic necessary to inhibit the growth of bacteria. From 10 to 
16% of salt is necessary in the absence of blood, du’t, etc. The 
presence of nutritive materials in the brine, such as blood, manure, 
dissolved hide substance, etc., favours the growth and development 
of bacteria and necessitates the use of larger percentages of salt in 
order to produce any inhibitory effect. The present methods of 
curing are most unfavourable for their purpose. The propor- 
tion of skin to brine is greatest, there is a high concentration ol 
blood in the brine formed in the skins, the repeated use of salt 
increases the amount of protein matter which it contains, and there 
is a grave danger of the brine becoming alkaline due to the putre- 
faction of the blood and protein. The skins should be thoroughly 
washed and brined, then salted. In this way the blood and diit 
will be removed before brining, the proportion of weight of skin to 
brine can be regulated, the reaction of the brine c^in be controlled, 
and the rate of diffusion of salt into the skin is a maximum. 

R.H. Pickard states that the difficulty of softening back-dried 
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hides is due to the Qoa*gulation of the “ hide albumins,” particularly 
the cementing substance, and sodium citrate solution softens such 
hides very quickly. One piece was softened Iby this means in 
I hour. Before the dried hide or skin can be rendered responsive 
to water, lime, or tan, this coagulated cemenl^ng substance must be 
removed in order to separate the fibre and fibrils. The use of 
trypsin for its rcmoA'al has been provisionally protected. 

0. 1). McLaughlin and E. M. Theis^*'* have continued their work 
on curing processes. They showed in their previous work that the 
time between flaving .‘md salting had a great influence on the 
yield of leather and the imoaiit of swelling given by the hide. In 
their most recent wor‘k they have compared the properties* of 
“ Frigorifico ” hides and “ native ” hides. Frigorifico hides are 
first washed with water, and then immersed in a saturated salt 
solution for a iiunil)er of hours prior to salting. Native hides are 
salted without washing or brining. Native hides decomposed much 
more rapidly than Frigorificos, as shown by the amount of ammonia 
formed on leaving pieces of each in water in a closed vessel for 
several days. At the end of tlie eighth day the native hide had 
lost 10% of its weight. A 10% salt soak instead of water checked 
this loss and reduced it by half in a period of 8-11 days. Hide 
soaked in plain water lost 8-‘13% of its weight during the soaking 
period, w'hereas hide soaked in 10% salt solution gained 8*33% over * 
its original weight. It has been shown that the difference between 
a salt soak and water is not due to the absorption of salt by the 
hide, because the whole of the salt will diffuse out again in 48 
hours. Increased temperature stimulates the pii-ductign of 
ammonia and the hydrolysis of the salted hide. Dissolved protein 
matter, blood, or similar material increases the amount of hydro- 
lysis. Further experiments have shown that the ash content of 
the hide diminishes during soakmg. The mineral salts present in 
the skin consist of sodium, potassium, calcium, magnesium, silica, 
aluminium, and iron compounds. When fresh corium is soaked 
in water the physiological mineral constituents diffuse out, water 
diffuses in, and som(i of the protein is dissolved. The ash of the 
corium diminishes from 0*37% to 0-14% in two hours, and 0'065%» 
in six hours. When fresh corium is soaked in water containing the 
physiological salts in the same proportions as they are present in 
the corium there is a much less rapid loss pf ash, but a slight increase 
in the amount of protein dissolved. The most sigrjficant feature 
of the loss of mineral matter by the corium is its effect on its swelling 
power. The following table shows this 

, Physiological 

• Water. salt soluticm. 

SwollinE in 24 hours 4% . , 16% 

Original ash lost in soak . . . . 86% . . 19% 

Amr, L§alh6r Gh&tn. Amoc., 1923, 18, 207 ; J., 1923, 899a. 
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The paper concludes with the following rompks : — “ We note 
that skin hydrolysis is affected by previous history and method of 
curing, and the masnner in which it is soaked. If, in curing skin, 
we soak it in water unduly, prior to brining or salting, an irre- 
versible change in the -skin ensues. If, in soaking the cured skin 
in the tannery, certain conditions noted exist, a rapid decom- 
position of the skin is brought about.” In a further paper,^^ the 
same authors deal comprehensively with the science of soaking ; 
their findings up to date may be summarised as follows : — (1) 
Previous history and curing of skin, (2) water content of skin 
when soaked, (3) direction of movement of substances into an^ out 
of skin, (4) character of protein dissolved, (5) character of libak 
water, (6) concentration of salt in soak and rate of its outward 
diffusion, (7) acidity or alkalinity of soak, (8) temperature, (9)'^ 
proportion of weight of skin to weight of soak water, (10) period 
of soaking, (11) effect of changing soak water, (12) chemical 
effect of antiseptics, (13) composition of soak waters from various 
tanneries. The previous history of a hide has a great influence 
bn the soaking. Partially decomposed hides required a modified 
soak. “ Native ” hides are not as well cured as “ frigorificos.” 
The cure in frigorificos is more uniform, and hence the swelling of 
the hides in the soak is also more uniform. The drier a hide the 
longer is the period of soaking required. In curing with salt, the 
bulk of the salt enters through the fiesh side of the hide, and in 
soaking it leaves on that side. If hides are fleshed before soaking 
they lose more protein matter than unfleshed hides. The inorganic 
and organic constituents of soak waters affect the swelling and 
soaking of hides. Ferrous sulphate and magnesium sulphate in a 
water produce great swelling, probably owing to the hydrolysed 
acid. Salt solutions produce less swelling than distilled water. As 
the concentration of the sodium chloride solution is increased, the 
amount of nitrogen present as ammonia in the soak is diminished, 
and the amount of uncoagulable nitrogen also diminishes, showing 
that less collagen is dissolved in a stronger salt solution. Acids 
and alkalis increase the amount of swelling produced, and also the 
amount of hydrolysis. As the temperature* of the soak water 
rises, the development of bacteria increases, and more of the skin 
is dissolved, with the consequent decrease in soak and “ white 
weight ” gains. As the proportion of soak water increases, a 
greater percentage of protein is dissolved, a greater* degree of 
hydrolysis occurs, and the rate of outward diffusion of sodium 
iMoride is increased. If too small a proportion of soak water is 
used the swelling in soaks and limes is lessened, and the softening of 
the sibnn is slower. There is an optimuih period o^ time for soaking 
at paoh given temperature with a given skin. Beyond this, positive 

J. Amer. Lealher Ohm. Aaspe., 1923, 18, 324 ; J., 1923, 899a. 
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damage may result. • The more frequently a soak water is changedf 
for one and the same hide, the greater is the total* amount of 
nitrogenous matter dissolved, and the lower the “ white weight ” 
gain. Antiseptics do not appear to diminish either the swelling 
power or the amount of hydrolysis. A ne^ antiseptic^® has hoen, 
discovered for anthrax. Hides are soaked in weak solutions of 
iodine in water or in carbon tetrachloride. A 0*5% solution is 
effective if the proportion ot skin to solution is not more than 
1:9, or the hides can be oiblnfected with iodine vapour. The 
iodine vapour or solution discolours the hides, but the discolora- 
tion can be removed !. means of solutions of sodium thiosulphate. 

Liming, Bating, etc. 

B. Hennig anr^ A. Lottermoser^® have rtudied the adsorption 
curves of alkalis and sulphides by hide powder. The use of alkali 
bisulphides for unhairing hides and skins has been patented.^’ 
F. Clotofski^® has shown that hides and skins lose 10-15% of hide 
substance during liming unless the lime liquor already contains 
hide substance. A baryta liquor saturated with hide substance 
dissolves practically no hide substance, although a baryta solution 
has a greater solvent action on hide substance than a lime solution. 
E. Stiasny and R. Wurtenbergcr^® find that an equilibrium exists 
between the calcium sulphide and calcium thioarsenite in an 
arsenical lime liquor. On the gradual addition of lime water ta 
red arsenic, calcium thioarsenite is formed and it reacts with more, 
lime to form calcium sulphide and arsenite. The whole of the 
sulphur in arsenic disulphide and trisulphide is cn'ti verted int(f 
calcium sulphide by repeated treatment with lime water, whereas 
only a portion of the sulphur in arsenic pentasulphide is thufl|, 
converted into calcium sulpliide. These authors have shown" 
that milk of lime and red arsenic react completely with each other 
in the cold if the components are finely divided and well shaken 
together, whereas the view has always been held that red arsenic^, 
and lime only reacted when warm. Polysulphides are always 
formed in limes made from arsenic pentasulphide. Atmospher^* 
oxygen diminishes the hydrosulphide-ion concentration, causes 
the formation of quinquivalent arsenic compounds, and increases ' 
the amount of sulphur rendered ineffective by the formation of ; 
thioarsenate. Red arsenic should be* free from arsenic penta- 
sulphide and arsenic trioxidS. The maximum amviyint of edeium . 
sulphide is obtained by avoiding oxidation and by having the 

J.Amer. Leather Chem. Aesoc-t 1923, 18, 641 • J., 1923, 1188a. 
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arsenic and lime as finely divided as possiblp. U. J. Thuaii and 
M. Massin^.® have patented a process for unhafring skins by sub- 
mitting them to t^.c action of liquid air. J. A. Wilson and A. F. 
Gallun, jun,®^ have unhaired skins by means of pancreatin. 

J, L. Collett of the British Leather Manufacturers Research 
Association has published an account of some work carried put on 
the presence and survival of bacteria in lime liquors. He concludes 
that bacteria may survive in lime liquors but they cannot develop, 
and therefore liming effects cannot be attributed to them. F. C. 
Thompson records the existence of other views, and states that 
some still feel that bacteria can play a part in liming. W. Moeller^* 
finds that liming hydrolyses proteins to peptones in the first stage. 
Old limes contain bacteria, and these yield ferments which hydro- 
lyse the peptones to amino-acids, and in this way the action of the- 
lime approaches that of a bate. In the bating process the simpler 
proteins are hydrolysed to polypeptides, peptides, and amino- 
acids, which take no part in the tanning process. Elastin fibres, 
muscles, nerves, blood vessels, and oHier structures contaming 
aromatic comjilexes, e.g., tyrosine, are attacked in the later stages 
of liming and in bating. White collagen fibres are practically 
unaffected by bating. Owing to the specific action of enzymes, 
art/ificial bates can never replace the natural bates. Artificial 
^ bates to bo as effective as natural bates must be prepared from 
the enzymes from living organisms. 

C. S. Hollander has published some interesting studies on the 
strength of proteolytic enzymes during the process of bating. He 
has shown that old limes rich in bacteria have a considerable 
effect' in breaking down the elastm fibres, and probably have a 
similar action on the rest of the skin. This effect seems to be 
continued in each of the subsequent processes. The comparatively 
short washing after liming produces a very striking effect on the 
elastin fibres. The modification of the elastin fibres is not a 
function of the bating operation alone, but of all the beam-house 
processes in varying degree. In this regard it is fitting to note a 
paper by A. W. Thomas and F. L. Seymour- Jones^® on the hydro- 
lysis of collagen by trypsin. The acidity of the pre-treatment 
«ind digestion was controlled, and the effects of varying the time 
of digestion, concentration of the enzyme, and the size of the 
collagen particles were examined. Hide powder was used as the 
form of collagen. The optimum hydrion concentration for the 
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hydrolysis was found to be at fyi o'v. nevitms neatment of the 
collagen with sofutions of various degrees of acidity did not 
influence the subsequent tryptic digestion. Xhe speed of hydro- 
lysis increavsed as the size of the collagen particles diminished. It 
is thought that the action took place at the surface of the particles. 
Hydrolysis increased with increasing concentration of the trypsin, 
but it never reached completion under the limits of the experi- 
mental conditions cuiployed. The maximum amount of hydrolysis 
obtained was 76%. These iti^ults negative most of the previous 
ideas held in regard to collagen, viz., that trypsin acts on all 
soluble proteins, but i t on all insoluble ones, e.r/,, collagen. These 
results are confirmed by the studies of E. Stiasny and W. Acker- 
mann,^’ who find that the action of trypsin on collagen in the 
presence of neutral salts depends on the degree of swelling of the 
collagen. Potassi.iin thiocyanate, iodide, nitrate, and chloride 
give moderate swelling with A 7 IOO and N/IO solutions, a sharp 
maximum with A/1 solutions, and repression with more concen- 
trated solutions. Potassium sulphate gives a maximum with A/10 
solutions. The swelling is greater at 37° C. than at 20°. If the 
anions are arranged in order of the maximum swelling they 
produce they agree with the Hofmeister series. This is also given 
by solutions of the same pn value, thus contradicting the views of 
Loeb, who contests the Hofmeister series. Numerous experi- 
ments have shown that potassium thiocyanate solutions of A/100 
and A/10 strength have no appreciable influence on the action oi 
the trypsin, but A/1 solutions increase the proteolytic action ol 
the trypsin very much. The hide powder is dissolved completely, 
The peptolytic action of the trypsin is diminished, and both (?ffeots 
are inhibited by 5A solutions. The influence of the potassium 
thiocyanate corresponds with the degree of swelling. Increased 
concentration of trypsin and temperatme have slight effects on the 
action of the trypsin, but they do not affect the connexion between 
the swelling and the proteolytic effect. The same relationship 
holds with potf^ssium iodide, chlorate, and sulphate in their effect 
on the action of the trypsin. In the case of potassium nitrate and 
chloride the effect of •the salt on the enzyme appears to be greater 
than its effect on the hide substance, and no maximum protolytic* 
effect is obtained with A/1 solutions. The peptolytic effect of 
trypsin is not parallel with the proteolytic effect. Hide powder is 
more susceptible to the action of trypsin’than pelt. 

The Rohm and Haas Co*.*® has carried out es?periments on 
goatskins which show that an old lime has a considerable effect in 
breaking down elastin fibres. This effect is continued in each of 
the subsequent piocesses. The short washing after liming htis an 

« Collegium, 1923, 74 ; J., 1923, 733a. 
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Appreciable effect on the elastin fibres. The' njodification of the 
elastin is no^t a function of the bating operation only, but of all the 
beam-house precedes in varying degrees. The change in the 
elastin fibres is possibly not the only change which takes place in 
the wet work, but the ^3ffects on the other constituents of the skin 
cannot be studied so easily. W. Moeller has patented a pfocess 
for liming and bating hides with the freshly dried constituents of 
the pancreatic gland and dog’s dung, which are extracted with 
0*1% solution of calcium hyi*oxide or magnesium hydroxide or 
both. 

Tanning and Tanning Materials. 

A number of new tanning materials have been reported on 
during the year. Heim and Cercelet®® have analysed numerous 
barks from trees in the Madagascar forests and note several which ‘ 
' could be utilised by tanners in this country. Rotra bark {R. fotsy 
And i?. merio) is a thick, fibrous bark containing 12-62% of a mixed 
tannin and 12-17% of soluble non-tans. Lalona (Weinirimnia 
bqjeriam) bark is a thin bark which is not so easily extracted ; it 
contains 13-75% of a mixed tannin, 2-68% of soluble non-tans, and 
yields a fairly soft leather which is not so dark-coloured. Filao 
bark {Casmrina equisetifolia) contains 15-31 % of an easily extracted 
’ catechol-tannin, 3-65% of soluble non-tans, and yields a light- 
coloured leather. Badamier bark [Termimlia Caktppu), also 
known as Hatafa, is a thin bark, which contains 11-81% of an 
- easily extracted p 3 n-ogallol- tannin, 4-44% of soluble non- tans, and 
yields a soft, light-coloured leather. 

A large portion of French Cochin China is covered by forests 
which contain some useful trees for the tanner. Heim and" 
Ceroelet®^ have analysed a number of oak barks from that country, 
and they appear to be of promise to the tanner. The first is 
QuerctLs pseudo-comea^ which contains soluble tans 12-2-18-2%, 
soluble non-tans 4- 1-7-1%. Gastanopsis sinensis shows soluble tans 
l?-3%, soluble non-tans 3-9%, which is an excellent proportion of 
tans to non-tans. Most of the barks are easily extracted, giving a 
^quor which keeps fairly well. The liquor gives a soft, dry 
tannage with a very pale colour. There are a large number of 
varieties of Quercus psendO'Cc^meHf a few of which are very poor 
in tannin content, but many of th#* varieties examined contain a 
workable percentage of tannin and only a small amount of non-tans 
so that they should prove of real value to the tanner and extracts 
manufacturer in search of new supplies of raw materials. At 
presept China and Japan absorb the available supplies of out , 
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bark, but there is 'a large reserve which could be tapped if thi 
demand was fortncoming, 

Heim and Schell®^ have reported on a number of samples of 
mangrove barks from Madagascar. They emphasise the fact that 
the use of mangrove as an adulterant has brought this mateml 
infco*' serious disrepute. They describe the different barks found 
along with 'mangrove, all of which contain some tannin. The 
iVeiberg Research Station has already done some work on 
mangrove barks from South- rVest Africa, and the results showed 
that only the barks of Rhizophora, Bruguiera, C&riops, and Xyl(h 
carpus were of impci * mce The tannin contents of these were as 
follows: — RUzophora, 28-42% tans ; Bruguiera, 28-42% tana; 
Xylocarpus, 27-33% tans ; Ceriops, 24-32% tans. Large qiianti* 
ties of mangrove are used in Germany for making mixed extracts. 
Samples of diffcient barks from Madagascar have been analysed 
and tested on pelt by the French Colonial. The products analysed 
were Honkolahy, Tsitodona, and Honkovavy mangrove barks, 
and others which were not so plentiful. The following results 
were obtained : — 


Honkolahy . . 

Tans. 

% 

34-96 

Non-tans. 

% 

11-04 

Moisture. 

% 

14-6 

Tsitodona 

27-23 

6-91 

16-2 

Foby . . 

. . 23-78 

7-28 

13-7 

Honkovavy . . 

. . 23-42 

7-48 

12-4 


Honkolahy, Tsitodona, and Honkovavy give a satisfactory tannage,^ 
with good penetration and a fairly full tannage which dries out* 
fairly soft. Foby {Carapa obovata) gives poor results in tanning 
tests, the pelt is not completely penetrated, and it liries out hard^^ 
although it has a high tannin content. This shows the need iai 
selecting the species of so-called mangrove barks which are used 
if the best results are to be obtained in leather manufacture. ^ 
Various patents®* have been taken out for improvements^^ 
tanning and in the extraction of tanning materials. The princi^e 
of speeding up by motion is applied to leaching ; R. RiedOT** 
revolves or agitates the finely divided tanning material in the 
leach liquor. Various new tanning condensation products have 
been discovered.®® * ’ 

A. N. Srivastava®’ has published the results of an investiga- 
tion of the loss in tannin content of myrobalans during the drying' 
process. * The fruit is gathered in the ’forests of India, and spread 
out to dry, which occupies from fifteen to twenty days. In 
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first series of experiments, a sample of almost ripe fruit was 
divided into-two parts, each of which was dried fn the shade three 
days, but one portion was crushed. The crushed sample then 
contained 27-5% of tannin, and the whole sample 20-0%. The 
crushing had resulted a conservation of some of the tannin, and 
the colour of the crushed sample was brighter. The concljision 
arrived at was that the drying process requires to be accelerated. 
Further tests were made with crushing and slicing : — Crushed, 
27*6% tannin; sliced, 28-28‘5% » tannin. Some varieties of 
myrobalans are very liable to attack by moulds in presence of 
moisture. The tannin content is sometimes halved as a result of 
such attack, and the colour becomes more yellowish. The infection 
can be avoided by the use of 0*5% of toluene or 0-25% of phenol, 
or by treatment with sulphur dioxide. 

Theory of Tannino, etc. 

Additional evidence of the chemical individuality of Chinese 
tannin has been discovered by J. Herzig.^® M7* Nierenstcin®® 
criticises much of K. Freudenberg's work.^® He has shown 
that “ Paullinia tannin is a normal glucoside and not an acyl 
derivative of glucose. M. Nierenstein^® has also examined a gallo- 
tannin which yielded such" a small amount of dextrose that its 
optical properties must be due to an optically active leuco-digallic 
acid and not to the sugar. Hc^® has also continued some researches 
on the pentamethyl derivative of catechin C, which is present in 
root gambier and Pegu catechu. P. Karrcr, H. R. Salomon, and 
T. Peyer** haVe produced evidence which establishes the fact that 
the tannin fractions of liigher rotatory power from Chinese tannin 
must be derived from pcntagalloylglucose. K. Freudenberg^® has 
separated the anddZ- catechins and ?-andd?-epicatechins from the 
Dthereal extract of Acacia Catechu, 

0. Gerngross and H. Loewe^* find that pelt treated with formalde- 
[lyde absorbs much more alkali than untreated pelt, and they infer 
ihat there is a chemical action between the basic groups in the Jiide 
protein and the formaldehyde. W. Moeller’s theory^’ of the 
ruipchanical enclosure of the hide fibrils by the formaldehyde does 
aot explain the increased power of the hide to adsorb alkali. 
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W. Moeller^® has.repKed to this. A. W. Thomas and S. B, 
Foster find that in all tannin solutions, except quebracho, the 
tannin particles are positively charged belo^ pn 2-0 and nega- 
tively charged at and above pn 2*5. 

J. S. Kogers^® has compared the pluipping action of vanous 
coiK^ntrations of acetic and lactic acids, and finds that the same 
titratable {icidity docs not produce the same plumping. The 
presence of tannin lowers the plumping effect produced by these 
acids. He has used the Claflin method with success. E. C. 
Porter®^ has continued his work on the swelling of hide powder, 
using solutions of * ‘ Utral salts. Neutral salts have a greater 
repressive aetion on acid-swollen powder than on alkali-swollen 
powder. The presence of sodium chloride increases the amount of 
hydrolysis of the hide substance. Porter suggests that the sodium 
chloride actually increases the activity of thv hydrogen or hydroxyl 
ion. J. A. Wilson and A. F. Gallun, junr.,^’^ have obtained two 
points of minimum plumping of calf skin, one at pu 5-1 and the 
other at pn 7*6, but W. R. Atkin attributed one of these to the 
presence of salts and affirmed that there was only one point of 
minimum plumping, viz,, pa 47. W. Moeller®* has recapitu- 
lated the physical theory of tanning. Liming with alkalis or 
swelling with acids causes a partial breaking up of the micells and 
a small amount of hide substance is lost. All tanning agentg 
prevent hydrolysis. Synthetic tannins are really strong acids and 
act as such. Free hydrogen ions have a destructive effect on 
hide substance, and all ionic theories of tanning are therefore in 
his opinion wrong. The essential constituent of a tanniiig solution 
is an absolutely insoluble substance or a substance ^ nich forms an 
insoluble product in contact with the hide substance. This sub- 
stance must be converted into a colloid sol by peptisation. Leather 
is produced by the adsorption and deposition of the insoluble 
peptised substances on the individual micells of the micellar bands. 
Although many chemists do not believe in Moeller s peptisation 
theory, recent scientific work is confirming the most essential part 
of it. J. Alexander®® has pointed out that there are three colloidal 
elements in pelt. Coarse particles of tanning agents lack diffnsi- 
bility. Protectors tend to deflocculate the tannin ; low pa tends 
to coagulate it. R. J. Browne®® has prepared collodion filters 
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^jikh could remove the whole of the soluble matter from a taimin 
solution, others which removed a portion of the tannin, whilst 
some were capable of filtering off the tannin only ; these results 
indicate that the differentiation of tannins from non-tannins is 
merely one of size of colloidal particles. 

D. Burton, R. P, Wood, and A. Glover^^ have continued their 
valuable researches on chrome tanning. They have compared the 
precipitation figures of a series of violet and gieen chrome liquors 
with the hydrion concentrations. The precipitation figure is a 
function of the initial hydrion concentration, and it has been 
found possible to calculate the initial hydrion concentration from 
the precipitation figure. The precipitation figure is dependent on 
the nature of the basic chromium, the temperathre, and the con- 
stituents of the solution. They have also studied®® the tanning 
properties of several chrome liquors. The rate of adsorption from 
Kquors reduced with glucose, sulphur dioxide, and sawdust 
respectively and neutralised chrome alum solution, increased in 
the order given and the precipitation figures diminished in the 
same order. The same authors®® have prepared insoluble com- 
^unds by treating chromium sulphate with sulphuric acid. They 
have also investigated*® the effects of flour, glucose, sodium acetate, 
sodium chloride, sodium sulphate, soluble starch, sulphonated 
^jastor oil, and sumach on the tanning properties and the pre- 
cipitation figure of a chrome liquor. More chromium ia'^dsorbed 
in presence of flour. B, Burton®^ has shown that the amount of 
alkali necessary to start precipitation is increased by the addition 
of neutral sal+s. The increase is not proportional to the amount of 
added salt. According to R. E. Liesegang*^ green solutions of 
chromium salts diffuse less quickly in gelatin, have a greater 
swelling effect, and a less tanning effect than violet solutions. 

P. L, Seymour- Jones has been unable to confirm F. C. 
•Thompson and W. R. Atkin’s theory®* of the existence of a nega- 
tively charged colloidal complex in chrome tanning solutions. 
He has established its presence in some tanning liquors but not in 
all. E. Stiasny®® has summarised a great deal of valuable infor- 
mation on judging* the tanning ' value of ckrome liquors. He 
ctiscusses the constitution of some of the green and violet forms, 
^e addition of neutral salts favours the formation of green salts. 

•* J. Soc. Leather Trades C/tem., 1923, 7» 37 ; J., 1923, 280a, 
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Pelts should be tanned first with a liquor of high preoipitatipa 
figure, and later 8ne with a low precipitation figure should be used. 
Ageing affects the properties, the hydrolytic lequilibrium and the 
colloidal character. The hydrion concentration alters as tte'^ 
liquor stands, due to hydrolysis after dilution or to polymerisation . 
of basic complexes. 

Analysis. 

The most interesting work d;iring the year has been in connexion 
with the analytical processes. Leather chemists are well aware 
that there is urgent p' d for improvements and a greater degree of 
concordance, but the present methods do not merit the scathing 
indictments which have been heaped upon them from seYerid 
quarters. The attempts of J. A. Wilson and E. J. Kern®® to 
supersede the official shake method of analysis of tanning extracts 
and materials have resulted in voluminous evidence, both analytical' 
and fundamental, of the unique superiority of that method. The 
biennial conference of the Society of Leather Trades Chemists has 
adopted the methods of analysis of chrome leather recommended 
by the committee appointed to investigate that branch of woriu 
This marks a new and welcome departure in the work of that 
Society. Hitherto the Society has confined its official regulations . 
to tannin analysis. It is expected that official methods will be 
formulated at the next conference in 1924 for the analysis of lime . 
liquors, chrome tanning liquors, and chrome and vegetable tanned 
leathers. 

W. R. Atkin and A. Gardner®^ have proposed the use of tetra- ' 
bromophenolsulphone-phthalein (Bromophenol Blue) as indicator 
in determining the temporary hardness of water. 

Liming. 

A committee of the Society of Leather Trades Chemists formed 
during the war has been actively at work during the last three 
years. The results have been very valuable. The first general 
repoH has been published during the year by F. C. Thompson.®^ 
It describes the objects and effects of liming and indicates what 
chemical properties and constituents of lime liquors may poseib^ 
influence these effects. The importance of the hydrogen-ion con* 
oentration on plumping and swelling is duly stressed and also ijtft 
effect on the solvent action ^f the liquors. Determinations of the 
temperature, hydrogen ion concentration, caultic alkalinil^^ 
sulphides, and ammonia are considered to be the most important 
in controlling lime liquors. The methods of analysis have been 
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entirely changed during the last ten years and fresh methods of 
analysis have been evolved for the determination of alkalinity, 
sulphides, amino-aciUs, and total alkalinity. These have been 
published in previous years. The sulphide determination has been 
revised again. W. R. Atkin®® has applied the law of mass action 
and shown that the previous methods were theoretically unsohnd. 
In the new method 25 c.c. of the sulphide solution or lime liquor is 
added to 25 c.c. of a stock solution containing ammonia A/2 in 
strength, and also 12-5 grams of ammonium chloride per litre. 
The mixed solutions are then titrated with i)f/20 zinc sulphate 
solution, using lead acetate paper as external indicator. J. A. 
Wilson and A. F. Gallun, junr.,’® have shown how to measure the 
plumping power of different solutions by means of pieces of 
calfsMn and a thickness gauge. 

Tanniyi Amlyms. 

This has been very fully reported on duiing the year and 
numerous investigations have been carried out to elucidate the 
best conditions for securing concordant results. A very frequent 
source of discrepancy in tannin analysis arises from the deter- 
mination of the soluble matter. Filter candles and filter papers 
adsorb some of the dissolved matter. It is difficult to determine 
when a solution is “ optically clear ” as stipulated in the official 
method of tannin analysis, and when solutions which contain a 
large amount of insoluble matter are being filtered the pores of the 
filter paper or candle become lessened in size and filtration is 
ohang^ into ultra-filtration. Recent experiments in the Procter 
International Research Laboratory, Leeds, have shown that it is 
possible to prepare membranes which will filter out any quantity 
of soluble matter from clear tannin solutions, and tliere is no 
doubt that this often occurs when tannin solutions are filtered for 
anal 3 rtical purposes ; henc6 the discrepancies. F. C. Thompson’^ 
suggests the determination of soluble tannins by the subsidence 
of the in&oluble matter. The tannin infusion is poured into a 
glass cylinder about 6 cm. diameter to a height of exactly 20 cm. 
k mark is made on the wall oi the cylinder exactly 5 cm. below 
the surface of the liquor. The solution is allowed to stand exactly 
2 hrs., during which time the heavier insoluble particles settle 
out, leaving only very finely divided matter in suspension. 50 c.c. 
of the settled liquor is withdrawn from the liquor above the mark, 
and this is used for the determination of the soluble matter. This 
method obviates the errors due to different judgments on optical 
clearness.” Filtration, with its varied difficulties and uncer- 

«» J. Soc. Leather Trades Chem., 1922, 6 , 427 ; J.,'l923, 152 a. 
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tainties, is dispejis^d with. The time involved is limit;ed and’ 
there is no loss of time through slow filtration. * There are 
differences between the results obtained bjP this method and 
those obtained by filtration, but these should not prejudice us 
against the new method. At present none^f the insoluble matter 
which can be filtered out is classified as tans, whereas it is well 
known that insoluble matter can tan, and there is direct evidence 
to show that some of the material classified as insolubles is “ tannin.’’ 
L. Matrod’^ has devised a special filtering apparatus including a 
Berkefeld filter candle. The candle is eniirely surrounded by as 
small a quantity of liouor as 20 c.c., so that filtration is quicker 
and less liquor is wasted. P. Chambard,G. Hiigonin, and Biain’* 
have passed various criticisms on the official method of filtering 
tannin solutions. They have suggested that the insoluble matter 
should be determined by centrifuging the solutions for 10 min. in 
tubes 25 cm. long at 4000 revs, j^cr min. The results obtained 
are much lower than those obtained with the filter candle ; e.^., 
dry and liquid quebracho extracts yielded respectively 2-5% and 
04% by centrifuging and 9*0% and 5-0% by the filter candle, pre- 
sumably because very fine particles of suspended matter are not 
removed at the above speed. The Society of Leather Trades 
Chemists has not investigated these methods, but has compared 
filtration by filter paper and by filter candle, and it was decided at* 
the recent conference’^ that tannin solutions must be filtered 
through a Berkefeld candle, and in order to avoid differences in 
the make and texture of the candle they must be procured from the 
same soui*ce, viz., A. Hough of Paris. 

The official “ shake ” method of tannin analysis has been sub- 
jected to the usual crop of criticisms. G. Grasser’® states that it 
gives very unreliable results, whereas the filter-bell method shows 
better concordance. A second detannisation of the tannin solution 
removes a further portion of “ tans ” and the “ non- tans ” are 
then colourless. This is the usual argument, and it is recognised 
that if ” non-tannin ” solutions are shaken with a fresh batch of 
hide powder the latttjr will adsorb some of the soluble matter, but 
it is not adsorbed under the conditions laid down by the official 
regulations, and it is not adsorbed in practice to any appreciable 
extent. L. Poliak’* has replied to Crasser, and states that both 
methods are equally reliable for what •they determine. Non-tan 
filtrates need not necessarily’be colourless. He has«used Grasser’s 
own figures to prove his statements. R. J. Browne’s work on 

” J. Soc, Leather Trades Ch^m., 1923, 7, 1«7 ; J., 1923, 510a. 
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• 4tra-filtration®® has dispelled a great deal of soepticism which has 
been caused by the attacks of Wilson and Kern.®^ G. W. Schultz’’ 
has conducted a scries of experiments with purified gallotanmc 
. acid and hide powder from which he deduces that the official 
shake method is in err<;>r to the extent of 1-6%, whereas if a more 
concentrated solution was used, viz., 2-3 g. per 100 c.c., the error 
would be only 0*7%, which would amount to 0*2% Ox tannin in a 
25% extract. W. Moeller’® has criticised both the quantitative 
and qualitative methods of distinguishing tans from non- tans, 
and states that the properties of the different vegetable tannins , 
are a function of the properties of the peptiser present in the 
tanning material. 

Most valuable support for the official “ shake ” method of 
analysis has been forthcoming from a committee of the French 
section of the Society of Leather Trades Chemists,’® which has 
decided in favour of filtration by the Berkefeld filter candle, rapid 
cooling of solutions, and detannisation with chromed hide powder. 

" The work was continued®® on six different extracts. AU graduated 
glassware was calibrated, silver dishes were used for evaporation, 
freshly filled desiccators were employed, and only two dishes 
placed in each for cooling. A combined water-oven and water 
bath was used for evaporation, and the rapid weighing balances had 
' aprecision of 0-2 mg. The distilled water used was perfectly neutral 
and contained less than 0*003 g. of residue per 100 c.c. The kaolin 
was washed with acid and was neutral to phenolphthalein. Various 
tests are stipulated for the purity of the kaolin and the condition 
of the hide powder. The committee was of the opinion that still 
greater concordance could be obtained by more exactly defin^ 
the operations of chroming, washing, and weighing of the hide 
powder. Specific instructions were Sent out to the members of the 
committee, and these were rigidly adhered to in some further 
analyses which were carried out,®^ Liquid extracts were shaken 
in a machine until any deposit was intimately mixed with the 
rest of the sample. Pasty extracts were warmed in the water bath 
at 45° C., and then shaken. After shaking, the extract waa 
r^ooled to 17°-18°, and sufficient weighed out to contain 3*75-4*25 g. 
of tannin. The extract was dissolved in 900 c.c. of distilled water 
*at 85°-90°, cooled rapidly to 18°, made up to 1 litre and the analysis 
commenced at once. Th^ hide powder was chromed for one hour 
with basic chromium chloride solution and allowed to ^and over- 
night for at least one hour after shaking, then filtered and washed 
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five times. The results were better but ’the non-tans did Ddi 
agree too well. It was thought possible that the quantity of hi^e 
powder used was excessive, and that the pa of the liquors should 
be adjusted. J. A. Wilson and E. J. Kern®* have observed that 
the Pb value affects the percentage of tannm as determined by the 
ofi&ckl “ shake ” method, but not as determined by their own 
method of tannin analysis. G. E. Knowles®® and a committee of 
the British section of che Society of Leather Trades Chemists have 
been unable to discover mucn variation in the tannin analysis 
figures with various pu values except in the case of the insolubles. 
The insolubles increafs*'. slightly with increased acidity and are 
more easily filtered off. Decreased pa value coincides with .increased 
flocculation of the insoluble matter. 

Further detailed instructions are given in another report®^ froua 
the French committee. Barks and woods should be ground in a 
Mussncr mill until they pass through a 25-me8h sieve. Greer 
barks should be dried. Myrobalan nuts should be stoned and th( 
two portions analysed separately. Valonia cups and beard shoulc 
be separated for analysis. Dry extracts should be dried, weighed 
and powdered before analysis, and paste extracts also. Taimii 
infusions should contain 3* 8-4-2 g. of tannin per htre, otherwiw 
the amount of non-tannin adsorbed will vary. Crude materiab 
should be extracted in a Procter extractor after having beei 
soaked overnight. Five quantities of water (100-126 c.c.) at 50° C 
should be added to the extractor during one hour followed bj 
boiling water until 1 litre of extract has been obtained. Con 
cordant results were obtained by this means for sumach, quehrachc 
wood, solid quebracho extract, and gambier paste, but not foj 
chestnut wood and myrobalans. The committee advised mon 
detailed specification of the type of mill, the extractor, the numbej 
of changes of water, the time of extraction, and the volume oi 
water. J. Paessler and H. Sluyter®^ record a recent experience ii 
which the discrepancies between the results from two analysts oi 
a sample of sumach were due to one analyst extracting 2 ]iim 
whilst the other adhered to the official regulation of 1 Htre. If 
Auerbach®® considers that the Koch extractor is not efficient, an( 
suggests an entire revision of the official methods of tannin analysis 

The practical colour measurement of vegetable tan liquor ha 
occupied the attention of several workefS during the year. R. 0 
Phillips and L. R. Brown®’ give details for preparmg and filterinj 
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tannin solutions previous to the measurement o^ the colour. Not 
more than 75 minutes should elapse from the time of dissolving to 
the time the tintometer reading is taken, as the solutions darken 
on standing and much more so if filtered. T. Blackadder®® has’ 
evolved a method whereby each colour is measured separately. 
The depth of standard solution which passes half the light of the 
particular colour is measured in mm., hence the higher the readings 
the more transparent is the solution and the lighter coloured is the 
tanning material. H. R. Procter has determined the half -fight 
curve for a 20% iron alum solution, i.e., the depths of iron alum 
solution necessary to match half the colour at different parts of 
the, spectrum transmitted tlirough a spectroscoj>e from a standard 
illuminant. HaK-light curves for tannin solutions of analytical 
strength have also been obtained. Tannin solutions have been 
compared with the iron alum solution without a spectroscope but 
using ruby and copper-green glass screens respectively. The 
tannin solution is poured into the fixed cell and the iron alum 
solution in the adjustable cell. The method appears to be full of^ 
promise and obviates many of the difficulties attached to the 
Lovibond tintometer. 

M. de la Brucre®^ has examined solutions of chestnut extract 
^ and quebracho extract, pure and in mixture, by tlu5 spectroscope 
in the ultra-violet region, and claims that it is possible to determine 
the proportion of each from the form of the absorption spectrum, 
but M. C. Lamb and V. (f W. Brown have been unable to confirm 
these claims. 

A krge amount of work has been carried out on leather analysis. 
L. Balderston®^ considers that slicing is the best method of pre- 
paration, since each slice includes the whole thickness of the leather, 
the loss of moisture is slight, and there is less heating. The Society 
of Leather Trades Chemists favours sawing or grinding, although 
this must cause more hcathig, a greater loss in moisture, and more 
change in the grease contained,®® The best method of determining 
the grease content has not been fixed yet. A. M. Hey®^ has shown 
that the presence of moisture in leather results in a greater amount 
t)f extract with both chloroform and petroleum spirit. G. W. 
Schultz®® contends that oxidised and polymerised oils should not 
be included in the oils and grease extract, and if these are required 
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then two extractioms should be carried out, one with petroleum 
spirit and another with some suitable solvent for oxidised and 
polymerised products. L. Balderston®® suggests petroleum spirit 
for the extraction and then the determination of the “ fixed oil ” 
by decomposing 5 g. of the extracted leath^f with alcoholic potash, 
acidifying, and extracting with petroleum spirit. 

G. W. Scnultz®’ disposes of the determination of water-soluble 
matter in a somewhat arbitrary manner by claiming that the 
excess tanning material cxtru,oted at 50° C., as compared with 
4°, is adsorbed tannin and as such is part of the leather. The official 
method of determinai i n includes a large percentage of adsorbed 
tannin, which imparts to the leather solidity and firmness. JO g* 
of the leather should be extracted with 2 Hires of water at 4° C. 
This temperature appears to be very arbitrary. 

H. Rose^* has compared the action of different accelerators in the 
Kjeldahl process. 0. Gerngross and W. E. Schaefer®® have worked 
out a micro-Kjeldahl method of determining nitrogen, which can 
be used on leather. G. Relibein^®® has evolved a micro-Kjeldahl 
process. 

The dct(5rminatioii of free mineral acid in leather has claimed a 
good deal of attention during the year. S. Kohn and E. Crede^®^ 
propose an electrometric method in which the changes in 
value arc noted of a water solution in equilibrium with the finely 
divided leather, following consecutive small additions of alkah. 
This method is claimed to prevent the reporting of synthetic 
tamiins as free mineral acid. M. Jalade^®® has modified the 
allowance for sulphur in the Balland and Maljcan method, and has 
increased ^t to 0-30%, which is claimed to give better results. 
W. Moeller describes the effect of the sulphonic group in syn- 
thetic tannins on leather, and M. Auerbach^®* has tried the effect 
of sulphuric acid on different leathers at different temperatures, 
C. van der Hoeven^®^ has a new method for the determination d 
free sulphuric acid in leather, R. H. Pickard^®® has criticised 
leather analysis generally and the proposal of the British Boot, 
Shoe and Allied li’ades Research Association to test for free 
mineral acid in leather by means of Thymol Blue paper. 
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Chrome Leather and Tanning Liquors. 

An official method has been passed by the Society of Leather 
Trades Chemists. The details have been given already An 
alteration has been made in the form of expression of the basicity. 

A very important decision^®® is that regarding the form of 
expression of the basicity of chrome liquors. The present system 
leads to a good deal of confusion ; the less basic a liquor, the 
greater is its basicity. The Schorlemmer method has been adopted, 
according to which the basicity figure is : — ^Amount of chromium 
combined with hydroxyl x 100 total chromium, i.e., the 
chromium present in excess of that required to satisfy the valencies 
of the acid in the salt CrgR^, expressed as a percentage on the 
total chromium. The following are examples : — • 

Present method . Above method . 

CrgCfciOda 144 .. 0 

aro{OH)o(S04) 90 .. 33-3 

Crl{01i)SOi ' 48 .. 06-0 

OV2(OH)e 0 .. 100 

The method of determination is quite simple. Instead of c<»lcu- 
lating the equivalence of the jV /2 NaOH in terms of SO 4 , it is 
calculated to the equivalence of the SO 4 in terms of Cr assuming 
that the SO 4 was combined with Cr only (c.c. Nj^ NaOH x 
Q -000865 g. chromium required to saturate SO 4 ). This is di\dded 
by the total chromium and multiplied by 100 . 

K. Schorlemmer^®® has devised a method for determining the 
chromium and iron in waste chrome tanning liquors. L. ]\Ieunier 
and P. Chambard^^® have made a very thorough study of the 
, neutraiisation of chrome leather and find that if the acid in the 
neutralising agent is weak, the whole of the combined sulphuric 
acid in the pelt can be converted into alkah sulphate. They have 
evolved a test for determining the acidity of the leather; 5g. of the 
finely divided leather is shaken with 60 c.c. of Nj5 sodium bicar- 
'bonate and 50 c.c. of water for 3 hrs, then with a further 75 c.c. 

water for 1 hr., finally with 50 c.c. for 1 hr., and the remaining 
sodium bicarbonate is determined. The method promises to be of 
;; great value in determining the basicity of the chrome salt on the 
fibre, but the leather should be first degreased and extracted with 
boiling water. L. Balderston^^^ describes a method of analysing 
ebrome leathers containing barium. W. R. Atkin and P. C. 
Tbompson^^ suggest thymolphthalein instead of phenolphthalein in 
\th© titration of two-bath chrome tanning liquors. 

- J. Soc. Leather Trades CVtem., 1919, 8, 194. 

76id., 1923, 7, 413 ; Ahs., 1924, B, 26. 

/ w* Collegium, 1922, 247 ; J., 1923, 32a. ‘ 

J. Soc. LealMr Trades Chem., 1923, 7, 76 ; J., 1923, 366a. 

^ J. Amcr. Leather Chem. Assoc., 1923, Ifi, 491 ; J., 1923, 1084a. 

, , ^J. Soc. Leafier Trades Ohem., 1923, 7r 60 ; 1923, 281a. 



UiAlfqCB AKD OLITi. 40^ 

F. P. Veitcli, R. W. Frey, and I. T). Clarkc^^® have studied the 
wearing qualities *of various shoo leathers in dry climates. 

Glue akd Gelatin. 

Reference has been made above to the very valuable publica- 
tions which have appeared on this subject. S. F. Sheppard and 
S. S. Sweet’ll describe a plunger type of jelly strength tester, 
W. D. Richardson has described the Bloom gelometer for the 
same purpose. The plunger 's fixed by a rigid bar to the under 
side of a pan attached by a hanger and an adjustable spring to a 
fixed bracket, and an el* etric device gradually increases the weight 
on the plunger until io sinks. R. de Izaguirre^^® finds that the 
variation with time of the viscosity of gelatin solutions in* the 
presence of increasing concentrations of hydrochloric acid shows 
a minimum with ;> maximum initial viscosity. Gelatinisation he 
considers is a dehydration and not a neiv chemical modification. 
J. Knaggs^” has determined the Hausraann numbers for diamino- 
acids of the proteins in gelatin. 0. Gerngross and H. A. Brecht 
have studied the effect of hydrolysis of a 25% gelatin solution at 
Ph 4*7 at 100® C. and pn at 55° and 100°. The pn increased 
with alkaline hydrolysis. The formaldehyde titration was difficult 
to perform after feeble hydrolysis and a new method is described. 
The authors have compared the diminution in solidity of the jelly^ 
with the increasing nitrogen figure. The decrease in viscosity and 
jelly strength with higher temperatures of hydrolysis has been 
confirmed. Viscosity and jelly strength are independent of each 
other. The adhesive power of a good gelatin is much greater 
than that of a technical glue of the same concentratib i. There is 
no simple relationship between hydrolysis, viscosity, jelly strength, 
and adhesive power. In aU viscosity and jelly strength deter- , 
minations, the hydrion concentration should be noted, since the 
values are much lower at the isoelectric point than at the point of 
neutrality. The adhesive power does not depend so much on 
the pn. 

F, ,L. Seymour- Jones^^® has contributed some studies on the 
formation of gelatin from hide powder by boiling it with water for 
varying periods of time. A process for manufacturing glue and 
gelatin from waste leather and ossein has been patented by 
J. Landau and E. Trepka.“® Kob-Rottweil A.-G.^®^ have evolved 
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another process in which split leather sera])‘'and the like is de- 
colorised with chlorine dioxide. 

Sinudtaneous iK^^ativc and positive adsorption of Bismarck 
Brown by gelatin and by leather powder has been discovered by 
M. A. Rakusin and G. T. Pekarskaja.^^^ 8. C. Bradford^^^^ has 
a theory of gels according to which the setting of jellies is ipterely 
a process of crystallisation. A patent has been ' gi-anted for 
purifying gelatin and glue.^^^ E. Bateman and G. G. Town^^^ 
have made comparative tests to* show the diminution of the 
tensile strength of glue with increased hygroscopicity. R. E. 
Wilson and W. B. Ross^^e j-oport that the gelling point of a glue 
can^be raised by small additions of chrome alum. F. Lorenz has 
worked out a method for determining the sizing colloids in glue. 

’2^7. Rms. Phys.-Chem. Soc., 1916, 48, 1889 ; J., 1923, 414a. 

BiocUm. J., 1923, 17, 230 ; J., 1923, 735a. 

U.R.r. 1,457,466 ; J., 1923, 735a. 

135 Ind. Eng. Chem., 1923, 15, 371 ; J., 1923, 511a. 

ii-J Ibid., 1923, 15, 367 ; J., 1923, 611a. 

11- Papierfabr., 1923, 21, 105 ; J., 1923, 61 1a. 
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SOILS AND FERTTLTSEKS. 

By H. J. P,VGE, B.Sc., A.T.C, 

Chief Chemist, Eothamstecf i!ix])enm£nktl Station, Harpetulen. 

In this Report an atl. mpt has been made to confine attention, as 
far as possible, to tliose aspects of the subject which represent the 
most noteworthy advances during the year on the practical and 
technical side. It will thus be found that many papers have been 
omitted from consideration either because tlk;y illustrate practical 
points which are already well known or of minor interest, or because 
their main interest at present lies in thcii’ theoretical aspects, and is 
thus more suitably dealt with in the writer’s Report to the Chemical 
Society. 

Fertilisers. 

One of the greatest difficulties encountered in the interpretation 
of the results of experiments designed to test the effect of fer* 
tilisers on crop production and the quality of crops, arises from the 
fact that, in addition to the effect of season, the efficiency of a 
fertiliser is greatly dependent on the nature of the soil and c Watio 
conditions, and may thus vary enormously from place to place. 
The only way, therefore, to arrive at a reliable conclusion a^to the 
practical value of a given fertiliser or class of fertiliser, is for the 
same experiment to be repeated for a number of years at a number 
of centres spread over the whole country, so as to embrace the 
most widely differing conditions of soil and climate. This system 
is now adopted at Rothamsted, and is well exemplified in the 
experiments on malting barley,^ as well as in the experiments on 
ammonium chloride, ^ and on potash manures.^ 


Nitrogenous Fertilisers. 

During the year under review there has been a steady increase in 
the consumption of nitrogenous fertilisers as compared with the 
previous year, the increase for sodium nitrate being estimated at 
about 25%, and that for ammonium sulphate at about 10%. The 
quantities available for the coming season will prove only just 


1 E. J. Russell, J. Imt. Brew., 1923, 29, G24 ; J., 1923, 941a. 
2 See p. 412. 

2 Sea p. 419. 
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sufficient to meet the world’s requirements if ^present prospects of 
increased consumption are realised. ' 

f^yntheiic Products. — A steady development is taking place in the 
industrial application of processes for the fixation of atmospheric 
' nitrogen, and in the production of nitrogenous fertilisers thereby. 
In this country the plant at Billingham w^as expected to be ip full 
commercial operation before the end of 1923. It ^will have a 
capacity of 100 tons of pure ammonia per day, capable of rapid 
expansion to 300 tons. In terms ^of ammonium sulphate these 
quantities correspond to 150,000 and 450,000 tons per annum.^ 
ITiere has been a falling off in output of fixed nitrogen products in 
Germany in 1923, which will, however, doubtless be remedied on 
the Establishment of more settled conditions. The growth of the 
German nitrogen industry is bound to have a powerful influence 
on German agriculture ; the position in this connexion is dealt 
with in an article by F. Honcamp.® Lively discussion has been 
aroused in France by the proposed agreement between the French 
Government and the Badische Anilin und Soda Fabrik whereby 
the sum of 6,000,000 francs would be paid to the latter for a con- 
cession to work the Haber process, which would be operated at 
Toulouse with a projected output of 36,000 tons of fixed nitrogen 
per annum At present the whole French output of combined 
nitrogen from all sources is 19,000 tons annually, whereas the 
Jemand is about 110,000 tons. The relative values of the various 
nitrogen fixation processes have been examined in France by a 
special commission, which is und(‘rstood to have reported that 
the Haber and Claude processes were about equally good, though 
under some circumstances the latter process had the advantage.® 
This process’ is making good headway ; it is in operation at 
Bethune,® where coke-oven gas is used as a source of hydrogen,® 
and a small plant is to be erected in Spain, while negotiations are 
in progress for factories in Belgium, Switzerland, and Italy In 
the latter country the Fauser process, which is similar in principle 
to the Claude Casale,^^ and Haber processes, is operating on a 
small scale.^® In the United States a good deal of attention is 

*Ohem.andIn(i.,mZ,2ry9. 

® F. Honcamp, Z. Pflanz. Dung., 1923, 2 , B, 147. 

* Chem. and Ind., 1923, 228. 

’E.P. 171,972 ; J., 1923, 54a. E.P. 171,970; J., 1923, 95a. E.P. 
177,777 ; J., 1923, 656a. 

® Chem. and Ind., 1923, 501. # 

’ * Complex rerid., 1923, 176, 394 ; 3 ., 1923, 266a. 

wOAem. and Ind., 1923, 524. 

« Ibid,, 1923, 762. 

^•UcS.P. 1,447,123; J., 1923, 353a. E.P. 193,789 J., 1923, 400a. 

E.P.a97,199 ; J., 1923, 656a. 

^ Chem, and Ind., 1923, 836 ; Qiom. Chim. Ind.. Appl, 1923, 6, 171 ; J., 
1923, 601a. 
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heing given to the possibility of reducing the cost of the cyanamide, 
cyanide,^* and sj^nthetic ammonia^® processes.^® A. process. has 
also been patented for the production of oxides of nitrogen by the 
action of the streaming electric discharge on a mixture of 
oxygen and nitrogen/^ by which it is claimed that high yields 
are obtained. An account of the present position of the various 
processes iu'^ operation for nitrogen fixation has been given by 
E. K. Scott.i® 

Of more direct interest tc liie agricultural chemist is perhaps 
the question of the conversion of the primary products of nitrogen 
fixation (i.e., ammonia oxides of nitrogen, cyanamide, and so on) 
into actual fertilisers. For the production of ammonium gaits 
from ammonia two processes are now available, both of which 
offer considerable economic advantages over the use of free sulphuric 
acid. One of these consists in the use of synthetic ammonia in 
the Solvay ammonia-soda process, and the recovery of the by- 
product ammonium chloride. This process has now been success- 
fully worked on the semi-large scale, the ammonium chloride 
being recovered by cooling the mother hquors from the sodium 
bicarbonate to 5°. It has also been found that sylvinite can be 
used in the process instead of salt, thus giving a mixture of potas- 
sium and ammonium chlorides.^® The alternative process consists 
in the production of ammonium sulphate by the interaction of 
ammonia and calcium sulphate.^^ This is now being extensively 
used in Germany, obviating the need to make sulphuric acid, and 
utilising indigenous supplies of gypsum. 

The production of urea from ammonia and carbo i dioxide is' 
now being worked on a semi-technical scale in the United States.*^ 
The suitability of urea salts such as the nitrate or phosphate as 
.fertilisers is now being investigated, and processes for the manu- 
facture of these salts have been patented.^® Attempts con- 
tinue to be made to render calcium cyanamide suitable for use 


HU.S.P. 1,441,093 ; J., 1923, 224a. U.S.P. 1,441,695 ; J., 1923, 224a. 
U.S.P. 1,441,694; J., 4923, 2.38a. E.P. 191,765 ; see also E.P. 192,791 ; 
J., 1923, 353a. G.P. 364,589 ; J., 1923, 363a. E.P. 194,026 ; J., 192^ 
461 a. G.P. 370,152 ; J ., 1923, 499a. 

15 See e.g. U.S.P. 1,465,310 ; J., 1923, 1069a. 

1® Chem. and Met. Eng., Dec. 20, 1922 ; Chem. and Ind., 1923, 80. 

11 U.S.?. 1,468,625 ; J., 1923, 929a. 

1* Chem. and Ind., 1923, 498.» 

i» E.P. 130,366, 131,870 ; J., 1919, 690a ; 1920, 266a. 

2»G. Claude, Comptes rend., 1923, 177, 782; J., 1923, 1191a. See also 
Chem. and Ind., 1923, 1108. 

“ Chem. and I^d., 1923, 436. . 

See 1®. For the French process see J. L. M. Frejacques, F.P. 627,7^. 
*®E.P. 179,644; J., 1923, 901a. E.P. 182,134; J., 1923, lOflA. 
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directly as a fertiliser, but except possibly* as a constituent oi 
mixed manures its future in this direction is not hopeful. 

Natural ProdiictSh. — ^The slump of 1921 in the Chilean nitrate 
industry now seems to have been successfully left behind, anc 
exports have increased, considerably The price has been verj 
stable, having fluctuated only between £11 7s. 6d. and £13 pec ton 
J. Stoklasa^® has put forward a general theory of '^the volcanic 
origin of the Chile deposits, and attributes the alleged superioritj 
of Chilean nitrate over chemically* pure or synthetic nitrate foi 
sugar beet — of which superiority the present writer knows of nc 
satisfactory evidence — to its raclioactivity, with its iodine conteni 
as a secondary factor. In South Africa an underground store oi 
nitrate-bearing brine has been discovered at Matsap Pan, con- 
taining 4| tons of nitrate (mostly of sodium) per 100,000 gallons.^' 
Chinese deposits of saltpetre-bearing earth are now being worked, 
2000 tons of pure salts being produced annually.^® 

The European production of by-product ammonium sulphate 
shows an increase of about 50,000 in 1923 compared with the 
previous year, while the output in the United States has not 
changed materially. Prices in Cheat Britain have been steady at 
about £14 15s. per ton. 

A German summary of the literature on the use of crude gas 
liquor as a fertiliser has appeared In pot experiments it was 
found that the harmful effects of the toxic constituents of the 
liquor disappeared within eight days. 

• The* Relative Efficiency of Nitrogenous Fertilisers. 

During the year the results of a number of experiments on the 
relative manurial value of various nitrogenous fertilisers have been 
published. 

Sodium nitrate is in general between 5 and 10% more effective 
than ammonium sulphate ; this relation is confirmed by the results 
of W. Schneidewind and F. Munter®® in field experiments, and of 
A. Thomson®®^ in water culture, and it is reflected in the terms of 

agreement in Germany between the farmers, the nitrogen 

2' E.P. 174,599 ; J., 1923, 282a. G.P. 379,418 ; J., 1923, U91a. O.P. 
376,420 ; J., 1923, 901a. G.P. 362,448; J., 1923, 154a. 

25 Chem. and Ind., 1923, 818. 

25 Comptes re^d., 1923, 176, 1570 ; J., 1923, 715a. 

2’ S. Afr. J. Ind., Feb., 1923 ; Chem. and Iml, 1923, 350. 

2® CUm. and Ind., 1923, 155. 

2» Qaa u. Waaserjmh, 1923, 66, 25 ; J., 1923, 194a. 

®®W. Schneidewind and F. Munter, A9h. Devi. Lnndw. Oes., 1923, 
No. 324 (36 pp.). 

A. Thomson, Acta et Commentatvmes Univ. Dorpatenais, 1922, A8, (2) : 
J., 1923, 1036a. 
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industry, and tJic gbvernment,^^ wlierehy tlic price of nitrogen in 
Ihe form of sodium nitrate is fixed at ten-nintlis of* that of the 
nitrogen in ammonium sulphate. This difici;cnc(i may have its 
cause partly in the fact that ammonium sulphate is liable to suffer 
a loss of ammonia when applied to alkaliijo soils before or at the 
timeef'f seeding, but this is less liable to occur if applied as a top 
dressing, l^is has been shf'wn to bo partieularly the case in 
Egyptian soils by J. A, Prescott.^- It must also be remembered 
that ammonium sulphate is '' j)hysiologically acid ” fertiliser, 
leaving an acid residue in the soil, and thus tending to cause 
sourness, or to aeecni ite the sourness of an already sour soil, to 
the detriment of some crops. Sodium nitrate, on the other hand, 
is “ physiologically alkaline.” Crops specially suited to moderately 
acid conditions, such as the potato, may, however, do better with 
ammonium siilph i o ; further, there is cvidc.tce that iron is more 
readily available^ under the conditions of increased hydrogen-ion 
concentration set up by ammonium sulphate. The inferiority of 
nitrate to ammonium salts as manures for rice is ascribed to this 
effect by L. G. Willis and J. 0. Carrero,*^^ the alkaline residue 
from sodium or calcium nitrate rendering the iron less available 
and thus setting up chlorosis. 

Experiments on the relative value of calcium cyanamide 
nitrplim ”) and ammonium sulphate have been carried out in 
the field by W. Schneidewind and F. Munter,®® and in pots by 
E. Haselhoff, 0. Liehr, and K. Fluhrer.®'^ The results of both sets 
of experiments agree in giving calcium cyanamide a much lower 
value than that of ammonium sulphate ; they also bring out the 
very great uncertainty in the effect of cyanamide, result:! even 
superior to those given by ammonium sulphate being sometimes 
obtained ; whereas in other cases the crop is actually depressed 
below that given when no nitrogen at all is applied. It is already 
known from the work of Cowie^® that dicyanodiamide, the presence 
of which in calcium cyanamide is liable to give rise to harmful effects, 
is only decomposed with extreme slowness in the soil, and that its 
deleterious action depends partly on its power of inhibiting the 
action of the nitrifj^g organisms. R. V. Norris, B. Viswanath, 
and C. U. R. Ayyer^’ have shown that although in moderate dos^ 
there is no conversion of cyanamide to dicyanodiamide in the soil, 
such conversion does occur if the concentration of cyanamide is 
high. Itr seems very probable that Inany of the unfavourable 

« Ghem. and. Ind„ 1923, 1200. 

“J. Agric. Sci., 1923, 13. 333; J., 1923, 847a. 

33 H. Jones and W. Shive, An7i. Bot, 1923, 37, 355. 

J. Agnc. 1923, Zt, 621 ; J., 1923, 1036a. 

^^Lmdw. Fm.-to., 1922, 100, 37. 

3« G. A. Cowie, J. Agnc. Sci., 1919, 9, 113 ; 1920, 10: 

3’ Mem. Dept. Agric. India Ghem. Ser., 1923, 7, 65. 
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results which have been obtained in the use jof nitrolim may be 
due to bad distribution, resulting in local region^ of high concen- 
tration favourable to the production of dicyanodianiide. 

Comparisons of ammonium sulphate with ammonium chloride 
and urea have been made at Rothamsted and a number of outside 
centres,^® and by W. Scimeidewind and F. Munter®® and E. 
Haselhoff, 0. Liehr, and K. Fluhrer.®® All these experiments 
agreed in showing that on the average the two ammonium salts 
were about equally effective. Wi+Jli regard to urea, the Rot- 
hamsted experiments indicated that it was, if anything, somewhat 
superior to ammonium suljihate, though less effective than sodium 
nitrate. In the German experiments, liowever, both urea and 
urea' nitrate were on the average only about 85% as effective as 
ammonium sulphate. 

Ammonium bicarbonate®® has been tested in Germany by 
E. Haselhoff, 0. Liehr, and K. Fluhrer,®® and by 0. Lemmermann 
and K. Eckl.^® The results indicate that this salt may be, under 
certain circumstances (e.(/., when applied before sowing and 
•harrowed in immediately), as cffcctivo^ as ammonium sulphate ; 
but if applied as a top dressing, as would be expected, marked losses 
of ammonia occur, and the crop increase is less. 

Leguminous crops are commonl.y grown without special nitro- 
genous manuring. There is, however, some evidence that such 
manuring may be of value, especially in the early stages of the 
growth of the plant, before nodule formation is far advanced. 
Results of experiments on the nitrogenous manuring of clover 
have been published by Kuhnert,^ and the subject has been 
discussed by L. Hiltner.^® 

The special effect of nitrogenous fertilisers in stimulating vege- 
tative growth and leaf production, as opposed to maturation and 
ripening, is well illustrated by the work of L. Blaringhem,^® who 
has studied the effect of the common fertilisers on the anatomy 
and development of seedlings of various plants. 

Amlysis. — ^Without going into details, reference may be made 
to papers by G. H. Buchanan, E. J. Fox and W. J. Geldaid.*® 
A. Grammont,^® A. Nanussi,^^ and W. Wagnel**® on the analysis 
o^ cyanamide and its products of hydrolysis, and to a paper by 

** RotJiamsted Experimental Station Report for 1921-22, p. 16. 

See Ann. Repts.^ 1922, 7» 

Z. Pflmz. Diing., 1923, 2, B, 98. 

*^Ihid., 1923,5, B, 137. 

*^Ihid., 1923, 2, B, 263. 

Oomptes rend., 1923, 177, 407 ; J., 1923, 941a. 

** Ind. Eng. Ohem., 1923, 16, 637 ; J., 1923, 798a. 

« Jlid., 1923, 16, 743 ; J., 1923, 901a. * 

Soc. Chim., 1923, 88, 123 ; J., 1923, 281a. 

" Qiom. CMm. Ind. Appl, 1923, 6, 168 ; J., 1923, 618a. 

Z. angew. Chem., 1*923, 88, 19 ; J., 1923, 164a. 
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J. Bordas^® on the> Jodlbauer method for the determination of 
nitrogen. * 

Phosphatic Fertilisers. 

The supply of phosphorus to the growing crop depends on 
factors not entirely comparable with those relating to the supply 
of nitrogen and potassium, and this* difference has an important 
bearing on t&e question of the use of phosphatic fertilisers. Potash 
occurs plentifully in nature In soluble forms, as in the Stasafurt 
and Alsatian deposits which form the main sources of potash 
fertilisers. Soluble nitrogenous compounds are available both as 
natural deposits and . the products of industrial processes, and 
the nitrogen in insoluble compounds is of value as a fertiliser only 
in so far as it becomes soluble and available to the plant under 
the influence of soil micro-organisms. Phosphorus, on the other 
hand, occurs almot>t wholly as insoluble phosphates, in the form of 
bones and of natural deposits ; whereas in general it is found that 
the most effective phosphatic fertilisers are those compounds in 
which the phosphate is readily soluble in water or in weakly acid 
solvents. In the past this difficulty has been met either by the 
conversion of raw phosphates into superphosphate by means of 
sulphuric acid, or by the use of basic slag. The supply of the latter 
material, and its suitability for agricultural use, are dependent on 
factors which are outside the control of the agriculturist, and at* 
the present time the supply of slag of suitable quality is insufficient. 

The manufacture of superphosphate is, relatively speaking, an 
expensive process, with the result that superphosphate manu- 
factured from imported raw phosphates in countries# auoii as our 
o^ra labours under a considerable economic disadvantage in com- 
petition with that made in continental countries possessing their 
own supply of raw phosphates, and with somewhat depressed 
exchanges. Still worse is the position of Germany and other 
central European States whose exchanges are so low that they are 
entirely unable to import raw phosphates for superphosphate 
manufacture. The upshot is that more and more attention is, 
being’ given to the possibility of developing alternative methods* 
for utilising insoluble phosphate, whether of high grade such as 
now are used for making superphosphate, or of too low a grade for 
such use. In Germany in recent years attempts have even bden 
made to maintain that phosphatic manuring can be dispensed with, ; 
but the fallacy of such argunjents appears to have been realised in ‘ 
many quarters in Germany to-day, and more attehtion is being 
given to the diagnosis of phosphate deficiency in soils so as tb. 
insure the most economical use of phosphatic fertilisers. 

Basic Slag.— B%si6 slag o! high citric-solubility, whether it*be of 
high OT of moderately low grade, is an article of established vfidud 
« Compks rend,,^ 1923 , 177 , 696 ; 1923 , 1190 a . 



414 


REPORTS OP THE PROORESS QP APPLIED CHEMISTRY. 


for which a ready market can always be fovmd. Unfortunately, 
a large part of the basic slag produced by the steel works in this 
country is of very low’ grade, and usually, owing to the use of 
fluorsiiar, also of low solubility. Such material is dilficult to 
dispose of at fair pricey. 1). N. McArthur*"® has dii'ected attention 
to the possible value of such slags as a source of lime for the land. 
An alternative outlet for slags of this type might be tlAir treatment 
by a process patented in Germany*"^ for the extraction of phosphates 
from basic slag by fusion w’ith potassium chloride or other alkali 
chloride. The whole of the phosphate is stated to be present in the 
clear melt, leaving th(‘- lime in the residue. 

Raw Phosphates and their Utiiisation . — Some idea of the mag- 
nitude of the European demand for raw phosphates is given by the 
figures for 1913, when 4,413,000 tons was consumed for all pur- 
poses ; of this more than half came from North Africa, over one- 
third from the United States, and about one-tent li from France and 
Belgium. Most of the North African phosphates come from 
Tunis and Algeria at ])resent, but there are also large deposits in 
other parts of North i\frica, notably in Morocco, where the output 
has risen from 8230 tons in 1921, to 85,583 tons in 1922. It is 
hoped by 1927 to reach an output from Morocco of over one million 
tons, while that from Algeria and Tunis is ex])ectcd to reach 3J-4 
^million tons.^^ The output from Nauru and Ocean Islands in the 
Pacific, in 1922 -3, w^as 361,205 toni, practically the same as the 
previous year ; the greater part of this was consumed in the 
Antipodes, only some 4-5 % finding its way to this country. Ex- 
tensive phosphate deposits, mostly of low grade, exist in Russia.*"*" 
Raw phosphate is used mainly for the manufacture of super- 
phosphate. A number of other methods for treating raw 
phosphates in order to increase their solubihty have been proposed. 
Some of these still depend on the use of acids. For example, 
F. Kanhauser describes a process in which the amount of sulphuric 
acid used is less than that needed to produce superphosphate ; it 
is stated that by this means carbonates and fluorides are decom- 
posed and thus prevented from exerting a deterrent action on the 
solubihty of the phosphates.*"® When raw phosphates are decom- 
posed by means of nitric acid, and ammonia is passed into the 
acid hquors in bulk, the resulting phosphate precipitate is of low 
citric-solubihty. By feeding the acid hquors and ammonia 
together into a mixing chamber, and removing the product con« 

J., 1923, 2^1 3t. 

^^G.P. 362,989 ; J., 1923, 194a. 

CUm. and Ind, 1923, 521. 

Ibid., 1923, 438. 

^^Ihid., 1923, 1041. 

“ Z. Pflanz. Dung, 1923, 2, 315. 

mi, 47, 121 j J., 1923, 28U. 
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tinuously, it is claiiiled that this difficulty may be overcome, and a 
product of high hitric-solubility obtained.®’ The same difficulty 
is liable to arise when superphosphate is ncut^filisod by ammonia, 
but C. Matignon®® has now described a process, depending on the 
use of dilute gaseous ammonia (3-5%) Jfor the neutralisation, 
whicli results in a product containing three-quarters of its phosphate 
ill a watef'-soluble condition, in the manufacture of this 
product, to which the name Supcram ’’ has been given, the 
amount of sulphuric acid use.'' is only 48% of that which would 
be needed in making a mixture of sulphate of ammonia and super- 
phosphate coiitaiiiing same amount of nitrogen and phosphate. 
The “ Rhcnania ” process for the treatment of raw phosphates®® 
and other similar processes®® depend on the incineration of a 
mixture of the raw phosphate with silicious materials, resulting in 
products with hig'' citric-solubility. The Bureau of Soils of the 
U.S. Deyiartmcnt of Agriculture is working on a process which 
goes a stage further than this, and actually volatilises the phos- 
phoric oxide from low-grade rock in admixture with sand and 
coke.®^ The phosphoric acid produced could be utihsed for the 
production of soluble neutral phosphates, e.g., of alkalis or 
ammonium, or it can be used to act on a further quantity of rock 
to give so-called “ double superphosphate.”®^ Other processes 
depend on the heating of raw phosphate with alkali salts, either 
with®® or without®^ the addition of carbonaceous material. 

As an alternative to chemical treatment, raw phosphates may 
be reduced physically to an extremely fine state of subdivision. 
Tliis may be effected in the Plauson mill, using silicates alkalis, 
ot organic protective colloids to aid dispersion ancl to p.’event 
re-aggregation of the finer particles,®® but it is at least doubtful 
whether this process will prove sound economically. In Morocco 
a small-scale plant is being worked for the grading of ground 
phosphate rock by an air current, the finest material being 
recovered in a Cottrell precipitation plant.®® 

The Relative Efficiency of Phosphatic Fertilisers. — Perhaps no 
other class of manures is liable to give such conflicting results in 
field trials as are obtained with phosphatic fertilisers. Not only 

U.P. 363,272 ; J., 1923, 194a. 

Chim. et hid., 1923, 10, 1216 ; J., 1923, 1037a. 

E.P. 174,370, 177,496 ; J., 1923, 24a. See also Ann. Repts., 1922, 7, 
370. P. lifische, Z. ang&w. CheM., 1923, 36, 130 ; J., 1923, 321a. 

E.P. 194,208 ; J., 1923, 460a ; Cfiem. and Ind., 1923* 1108. 

W. H. Waggaiaai), J. Amer. Soc. Agron., 1923, 15, 152 ; W. H. Ross 
Hiul A. R. Merz, Clicm. and Mvi. Eng., 1923, 29, 313. 

o- U.S.P. 1,470,968 ; J., 1923, 1 191a. 

«®U.S.P. I,437f45fr; J., l<f>3, Ul.v. 

“^E.P. 191,129; J., 1923, 191a. 

«« E.P. 195,665. ; J., 1923, 612a. 

«» Chem. and Ind., 1923, 1108, 
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do agricultural crops differ markedly in their rc^aponse to phosphatio 
manuring, but the type of soil and the climate exert a large effect 
on the result. It b now well established that the more insoluble 
phosphates, such as ground rock phosphate or bone manures, are 
most effective on sour soils and under moist conditions. These 
conditions are, however, much less favourable to the action of 
superphosphate, which acts best on dry, calcareous soils, on which 
insoluble phosphates usually give disappointing results. It is 
possible to put forward an interpretation of these differences in 
terms of soil factors, which, while not covering the whole ground, 
certainly accounts for most of the observed facts. 

Sour soils, besides being acid in the chemical sense, contain, 
in virtue of that acidity, soluble iron and aluminium salts. On 
the application of water-soluble phosphates, such as superphosphate, 
to such soils, a considerable proportion of the pho8})hate is pre- 
cipitated in the form of insoluble phosphates of iron and aluminium, 
which are not readily available to the plant, and the extent of this 
reversion ” increases gradually with time. On an alkaline, 
calcareous soil, however, the interaction of the soluble phosphate 
with the calcium bicarbonate in the soil solution and with the 
adsorbed calcium ions on the colloidal surface of the soil particles 
gives a finely divided precipitate of dicalcium phosphate which is 
comparatively easily soluble in water saturated with carbon 
dioxide. The natural rock and bone phosphates, however, consist 
of tricalcium phosphate combined with excess of lime, are in a 
relatively coarse condition, and are only slightly soluble in carbonic 
acid solutions ; hence they are less effective in non-acid soils than 
in sout soils with an acid soil solution. The case of basic 
phosphates such as basic slag (made without the use of fluorspar) 
and such products as Rhenania phosphate — ^the phosphoric acid 
of which, although insoluble in water, is soluble in weak acids — 
differs from that of raw mineral phosphates. There is reason 
to believe that much of the phosphoric acid in such phosphates 
exists in the form of silicophosphates having an appreciable 
solubility even under faintly alkaline conditions, thus explaining 
the superiority of siich fertilisers over raw ^osphates on many 
i!k>n-acid soils. The papers by A. Demolon,®’ A. Demolon 
and P. Boischot,®® C. Brioux,®® P. L. Gile and J. 0. Carrero,’® and 
T. t>, HaU and J. C. Vogel should be consulted in this connexion. 

The favourable action of acid conditions on the availability of 
ground rock phosphate has led to the advocacy of the use of 

^ Ann. Sci. Agron., 1923, 40, 161. 

" •« Oomptes rend., 1923, 176, 777 ; J., 1923, 414a. 

•• Oomptea rend., 1922, 176, 1096; J., 1923, 110a; Ant^. Sci. Agron., 1923, 
40, 186. 

J, Agrk. Res., 1923, 26, 171 ; J., 1923, 1190a. 

Soil Sci., 1923, 1$, 367 ; J., 1923, 847a. 
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physiologically acid| fertilisers” such as ammonium sulphate, in 
conjunction withdraw phosphates. This idea was put forward 
over twenty years ago in Russia by Prjaniscj|jnikow.®^' ” It has 
recently been actively supported in Germany by M. von Wrangell, 
and forms the basis of a system of phosphatic manuring^* which 
has, however, given rise to considerable discussion,’® partly of a 
rather acrinjonious nature. The obvious drawback to such a 
system is that it couM only be successfully apphed to soils with 
little or no reserve of lime, on these soils it might do more 
harm than good by hastening the production of toxic concentrations 
of acid in the soil.’* 

The results of several vegetation experiments on the comparison 
of different phosphatic fertilisers have been pubhshed during* the 
year, of which mention may be made of the Rothamsted experi- 
ments,” those of W. Schneidewind and F. Mimter,*® and those of 
G. S. Robertson’* on the turnip crop in North Ireland. In the 
latter experiments Gafsa phosphate, high grade basic slag, and a 
Belgian product known as “ Peerless basic phosphate,” all gave as 
good a result as superphosphate, although Nauru phosphate was 
not quite so effective. The Belgian product is apparently of the 
same nature as “ Rhenania ” phosphate,’® further trials of which 
have been carried out in Germany*® with quite favourable results. 
The effects of the American product, “ Ammo-Phos on ger# 
mination have been studied by B. G. Coe.*® A. W. Oldershaw’s 
well-known experiments at Saxmundham have been summarised*® 
up to 1922. 

Finally, mention may be made of an interesting poin^ in con- 
nexion with the use of phosphatic manures on wani earb^' soils. 

wseep. 411. 

D, N. Prjanischnikow, “ Die Diinggerlehre,” (Berlin, P. Parey, 1923), 
p. 283. 

M. von Wrangell, Landw, Vers.-Stat., 1920, 96» 1 ; Landw. Jahrb,, 
1922, 67, 50 ; “ Phosphorsatireaufnahme und Bodenreaktion ” (Berlin, Parey), 
1920 ; Aereboe, “ Neue Dungeiwirtschaft ohne Auslandsphosphate,” 1922. 

P. Ehrenberg, Z. Pfhnz. Diing., 1923, 2 B, 73, 411 ; M. von Wrangell, 
ibid.r, 408 ; 0. Lemmermann, ibid.y 419 ; 0. Lemmermann, E. Haselhoff, 
and T. Pfeiffer, E, A.» Mitscherlich, J. Hasenbdumer, and 0. Nolte, “Die 
PhoBphors&ure-Frage ” (Verlag Chemie, Leipzig), 1922. • 

P. Ehrenberg, Z. Pfiam. Diing.y 1923, 2, B, 129. See also F. Munter, 
ibid., 497. 

” Rothamsted Expt. Sta. Report^ 1921-22, p. 17. 

’• “ Phosphates and Improvements of Pasture,” Government of Northern 
Irelaiid, Mm. of Agr., p.»9 (1923^ 

” See p. 416. 

E. Haselhoff and 0. Liehr, Landw. Vere^-Stat., 1922, 100,21. T. Ben^ 
and Weiske, Landw, Jahrb.t 1923, 69, 203. A. Qehring and E. Pommer, Z, 
Pflanz. Dttnsf., 192^, 2, B, 404» 

“ See Ann. Repts., 1922, 7, 363. 

“ New Jersey Agr. Exp^. Station BuU. 376, 1923. 

_ “ J. Min. Agric., 1023, 80, 308. 

an 
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The effect of phosphates in accelerating ripetaiing of cereals is of 
great value* in backward districts, but in early districts it may 
easily become a disadvantage, since in such districts in a normal 
season the crop already tends to ripen off before it has made its 
maximum possible grpwth. Such an instance occurred in an 
experiment on light sandy soil in Suffolk in 1922, where the^., yield 
of barley was lower on the plot receiving phosphate than it was on 
that receiving none.®* This affords an excellent illustration of 
the manner in which the effect of fertilisers may be influenced by 
environmental factors. 

The Evalmtion of Phosphatic Fertilisers . — ^The value of the 
determination of the citric-solubility of the phosphate in basic 
phosphatic manures, and more particularly in basic slags, by the 
official method is rather a vexed question. Although cases do arise 
in which basic slags of low citric- solubility arc as effective in the 
field as those of high solubility, there are still grounds for main- 
taining that the citric -solubility of basic slag is of use in assessing 
the value of the slag as a fertiliser. In view of the influence of soil 
and climatic conditions on the effect of fertilisers, and particularly 
of phosphatic fertilisers, as instanced on p. 416, it is still manifestly 
impossible to devise any laboratory test which will assess the 
value of a slag under all conditions of soil and climate. All that 
*'can be asked of such a laboratory test is that it shall furnish the 
expert with data from which he can decide as to the probable 
value of the fertiliser under specified conditions of soil and climate. 
Judged from this standpoint, the official citric- solubility test, 
though far from perfect, is nevertheless a useful one. 

H. R. Christensen®® has carried out a comprehensive investiga- 
tion on the solubility of raw mineral phosphates, various 
prepared basic phosphates, and basic slag, in 2% citric acid®® 
and in some of the other solvents that have been suggested, 
such as ammonium citrate and water saturated with carbon 
dioxide,®"^ and has compared the results with those obtained by a 
biological method depending on the ability of the tested material 
to supply soluble phosphate, under faintly ajkaline conditions, in 
^sufficient amount to enable a culture of Azotobacter to make a 
vigorous growth. In general, the results of the biological test 
are in better accord with what is known as to the relative value of 
phosphates of the type Rested, on non-acid soils, than are the 
results of the chemical solubility tests. O. S. Rob&tson and 

J. Min. Agric., 1923, 29, 945. 

Tidsk. for Planteavl., 1923, 29, 513, with English summary at end. 

•^See also H. F. L. Bischoff and B. de«C. Marohaijjd, J. S. Afr, Chem. 
Inst., 1923, 6, 63. 

^ See also Maschhaupt, Verst. Landhouwk. Onderz. RijkslandhovW’ 
proejstat., 1922; J., 1923, 110a. 
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F. Dickinson®® havfe proposed a modification of the official citric- 
solubility test, based on the use of one gram of material instead of 
five, A method for the determination of free phosphoric acid in 
superphosphate has been patented.®® Sources of error in the 
determination of insoluble phosphates l^ve been discussed ' by 
W. T? Austin.®® • 

Potarh Fertilisers. 

Sources of Potash. — ^The imports of potash salts from Germany 
into" this country showed a steady and considerable increase between 
1920 and 1922.®^ The world’s consumption of potash in the latter 
year is estimated at 600 ,000 tons, of which Germany supplied 
1,300,0(K) tons.®® Alsatian competition, which was thus not much 
felt in 1922, begr.n to have a decided influence in 1923, during the 
first nine months of which roughly 200,000 metric tons less German 
potash was sold.®^ This is reflected in the increased output of the 
Alsatian mines, which reached over 1,300,000 tons in 1922, the 
highest figure since the mines were taken over by France.®* The 
extensive leucite deposits in Italy, estimated to exceed a thousand 
million tons, are now being worked. The iron is separated mag- 
netically, and the remaining mineral, with a potash content of 
21-5>%, is said to be as effective as potassium sulphate as a fer- 
tiliser.®® The discovery of large deposits of potash is also reported 
from Czechoslovakia.®® The manufacture of potassium salts froffi 
kelp is described by J. W. Turrentine, H. G. Tanner, and P. S. 
Shoaff.®’ The recovery of potash from distillery waste forms the 
subject of a United States patent.®® 

, The Relative Value of Potash Fertilisers. — The ma*'! interest in 
the use of potash fertilisers centres in the relative value of the high- 
grade sulphate and chloride, and the low-grade salts such as kainit 
and sylvinite. Trials on this subject are in progress at Rothamsted 
and a number of other centres. The results of the 1922 
experiments®® indicated that the high-grade salts, whether sulphate 
or chloride, were equally effective as regards their influence on the 

1923, 59t. 

«* U.S.P. 1,462,849 ; J., 192.3, 941a. 

»o/nd. Eng. Ghent., 1923, 16, 1037 ; J., 1923, 1143a. 

Chem. and Irtd., 1923, 40.'). 

®- Ibid., 1923, 684. 

1923, 1091. 

U.l^ Comm. Rep., Apil 9, 1923 ; Chefn. and Ind., 1923, 623. For an 
account of tho presont position^! the French potash ind\,^try see M. Men- 
nocke, Fert. and Feeding iSt. J., 1923, 8, 602. 

Ghem. and Ind., 1923, 1126, 1133. 

»« Gham. Com. J., Sopt. 14, 1923 ; Ghcm and Ind., 1923, 1061. 

Ind. Eng. Gfiem,, 1923,16, 169 ; J., 1923, 30bA. 

»• U.S.P. 1,444,833 ; J., 1923, 323a. 

** Rothamsted Expt. Sta. Report, 1921-22, pp. 18, 21, See also J. Min. 
Agr., 1923, 29, 947. 
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yield of potatoes, but that the low-grade sajits gave diminished 
yields. Whan quality was taken into consideration, the infer- 
iority of the latter salts was still, more marked, and even the high- 
grade chloride gave potatoes of a somewhat inferior quality to 
those given by the splphate. Similar results are reported by 
0. Lemmermann and K. Eckl,^®® and by W. Schneidewind and 
F. Munter,^® who found, however, that for rye the low-grade 
salts and the high-grade were equally effective. F. W. Morse 
could find no significant difference between the effect on the spil of 
continued use of potassium chloride or sulphate ; contrary to 
what might have been expected, there was no evidence for a more 
rapid loss of lime by the use of the former. 

The special part played by potash in the nutrition of the plant 
is well brought out by the experiments of H. Wiessmann,^“ which, 
besides confirming most of the weU-known effects of potash on 
plant growth, illustrated clearly the fact that under conditions of 
potash-starvation plants fail to reach maturity, whereas shortage 
of nitrogen or phosphate, although inducing stunted growth, does 
not prevent the plants from flowering and setting seed. The 
influence of potash manuring on the intake of phosphate by various 
crops has been studied by 0. Nolte,^®® who showed that lack of 
available phosphate in the soil could not be counteracted by 
plentiful manuring with potash. 

Analysis. — ^The perchlorate and cobaltinitrite methods for the 
determination of potassium have been investigated by R. L. 
Morris .1®* The latter method has also been studied by E. Cley- 
fert.^°® A further modification of the volumetric bitartrate method 
of Przibylla^^* has been described by P. Hubert.^®’ N. E. Gordon 
has pointed out certain sources of error in the determination of 
potash in mixed fertilisers.^®® 

Organic and Mixed Manures. 

Two matters call for special mention under this heading. 

The use of town refuse for manurial purposes is spreading in 
this country.^®® In Italy extensive use is made of the Beccari 

»®® Z. Pfianz. Dilng., 1923, 2, B, 386. 

Soil Sci., 1923, 16, 107 ; J., 1923, 1U3a. 

PJlanz. Dilng., 1923, 2, A, 1 ; J., 1923, 666a. 

Ibid., 1923, 2, B, 23 j J., 1923, 666a. 

Anali/st, 1923, 48, 260 ; J., 1923, 1000a. ' 

BuU. Soc. Chim. Bdg., 1922, 81, 417 ; J., 1923, 164a. See also 
Fozsi-Escot, ibid., 1923, 82, 227. 

See Ann. Repts., 1922, 7. 272. 

^^*Ann. Chtm. AnaJyt., 1923, 5, 9 ; J., U23, 181a, c 
* J. Assoc. Off. Agrk. Chem., 1923, 6, 407 ; J., 1923, 791a. 

J. Min. Agr., 1923, 29, 944, 1044 ; 80, 768, 870. See also Min, 
Leaflet No. 398. 
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process, in which th^ refuse, after preliminary sorting, is subjected 
to a fermentatioft in a closed chamber. This results in quite a 
useful organic manure.^^® 

“ Artificial farmyard manure,” or “ straw manure,” made by 
the “ Adco ” process of Hutchinson and Riqhards,^^^ has been tested 
in a number of field experiments in Kent and Essex,^^^ in com- 
parison with cow or bullock manure, with very encouraging results* 

Calcareous and Aagnman Materials. 

The value of niagne«ian limestone for soil treatment is a matter 
on which there is some difference of opinion, but the balance of the 
evidence is against the existence of any harmful effect of •such 
treatment. This is supported by the results of J. G. Lipman, 
A. W. Blair, H. C Mclian, and A. L. Prince, who could find 
little difference in the effect of magnesian or ordinary limestone on 
crop yield or composition of the soil. Similar results were obtained 
by W. H. MacIntyre and J. B. Young,^^* who found, however, 
that precipitated magnesium carbonate had a transient toxic 
effect ; this they explained as due to the production in the first 
instance of relatively soluble magnesium silicate compounds, 
which are subsequently converted to less soluble substances. 
F. W. Morse^'® has studied the effect of various fertilisers, when 
used in conjunction with calcium carbonate, on the hydrogen ion 
concentration of the soil solution. The effect of gypsum on Iowa 
soils has been found by L. W. Erdman^^* to consist mainly in an 
increase in the soluble potash and phosphate. In the field a favour- 
able effect on lucerne was obtained. • » 

Under certain circumstances magnesium compounds appear to 
be of value as manures. Instances of this are found in the Rot- 
hamsted experiments on potatoes.'” 0. Marholt has made a 
careful study of the influence of conditions on the action of 
magnesium salts on the yield of potatoes, and finds that it is 
evident only in the presence of organic manures such as dung.''* 
This interesting observation may serve to clear up some of the 
irregularities observed in the past.”* 

J. Bordas, Ann. Sci. Agron., 1923, 40 , 77. 

See Ann. Bepts., 1922, 7, 374. 

Rothamsted Expt. Sta. Report, 1921-22, p. 19. G. H. Garrad, Agrie, 
Quz., 192^ 08 , 791. 

Soil Sci., 1923, ft, 307 ;»J., 1923, 791 a. 

J6id., 1923, 15 , 427 ; J., 1923, 1036a. 

^Uhid., 1923, 15, 76. 

Ibid., 1923, 15 , 137 ; J., 1923, 617a. 

Rotham8te4 Eafpt. Sta. Report, 1921-22, p. 19. 

L<mdw. Vera.-Stat., 1923, 100 , 316* 

M. Popp and J. Contzen, Landw, Jdhrb., 1923, 58 , 313. E, A. 
and H. '923, 58 , 646. 
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The value of magnesian manures for the il counteraction of a 
chlorotic disease of tobacco has been demonstrated in the United 
States ^ 

Sulphur Treatment. 

To the outline of the subject given in last year’s Report/®^ and 
the general accounts given by J. G. Lipman,^“ and by J. S. Jolfe,^23 
several points of detail may be added, although there has been no 
important change in the general position. Suitable conditions for 
the composting of raw phosphate with sulphur are being worked 
out by J. S. Joffe.^2^ W. Rudolfs^^^ has shown that by composting 
greensand with sulphur, water-soluble potash is produced, the 
resulting compost being suitable for the supply of potash to soy 
bean cultures. The relation of the moisture content of the soil to 
the effectiveness of sulphur oxidation in inhibiting the development 
of potato scab has been studied by W. H. Martin,^*® while J. S. 
Joffe and H. C. McLean, and S. A. Waksman, C. H. Wark, J. S. 
Joffe, and R, L. Starkey^^® have further developed the use of 
sulphur oxidation as a means of improving “ black alkali ” soils. 
E. B. Reynolds and A. H. Leidigh*^® observed a favourable effect of 
iressings of sulphur, especially in presence of lime, on yields of 
[jotton. This would appear to be an instance of the direct fer- 
tilising value of sulphur compounds in some soils, the possibility 

which has been pointed out by C. 0. Swanson and W. L. 
Liatshaw.^*® 

Carbon Dioxide as a Fertiliser. 

The influence of such factors as light intensity and moisture op^ 
he possibility of bringing about substantial crop increases by 
i-rtificial enrichment of the atmosphere with carbon dioxide^®^ has 
)een emphasised and investigated by A. Densch,^®^ A. Densch and 
D. Hunnius,^®® and by H. Janert.^®® From a consideration of the 
esults of the latter, E. A. Mitscherlich has developed an inte- 

120 ^ Gamer, J. E. McMurtrey, C. W. Bacon, and E. G. Moss, J. Agric. 

ies., 1923, 23, 27. 

See Ann. Repts., 1922, 7, 375. • 

^ Ind. Eng. Chem., 1923, 16, 404 ; J., 1923, 505a. 

New Jersey Agr. Exp. Sta. Bull. 374, 1922. 

Sci., 1922, 14, 479 ; 1923, 15, 93 ; J., 1923, 321a. 

^^Ibid., 1922, 14, 307. 

Ibid., 1923, 16, 69 ; J., mZ , 1036a. 

Science, 19i^3, 67, 53. 

J. Agnc. Res., 1923, 24, 297 ; J., 1923, 900a. 

^2’ Soil Sci., 1922, 14, 435 ; J., 1923, 321a. 

1922, 14, 421 ; J., 1923, 320a. 

See Ann. Repts., 1921, 8, 413. 

Z. PJlanz. Dung, 1922, 1, 32. 

1923, 2, B, 241. 

1923, 1, A, l77. 
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resting application (|f his mathematical treatment of the “ Law of 
minimum ” to thte action of the two correlated growth factors of 
intensity of illumination and carbon dioxide content of the 
atmosphere.^®® He shows that under ordinary illumination in 
daylight out of doors the crop obtained without artificial enrich- 
ment f)f air was already 95-4% of thf maximum obtainable under 
these conditions by using extra carbon dioxide. Under conditions 
of diminished illumlintion, however, such as obtain in green- 
houses, where the lighting is, s -v, one-half or one-quarter of normal 
daylight, the yield obtained with the ordinary carbon dioxide 
content of the atniospluTe was only 66*9% or 24% respectively of 
that obtainable by the use of increased carbon dioxide ; in other 
words, the efficiency (“ Wirkungswert ”) of carbon dioxide is much 
greater under greenhouse conditions than in the open in normal 
daylight. For the ‘ i. sc of a greenhouse with an illumination of only 
25% of normal daylight, he draws up the following table ; — 

CO., in air, % .. 0-03 0-05 0-075 0-10 0-15 0-20 0-30 

Yields as % of maxi- 
mum possible .. 24-0 67-6 CG-3 76-0 88-8 94-5 98-7 

The results of Bornemann and others, who claim that the crop 
increases they obtained in the open air were due to the increased 
carbon dioxide content of the air around the leaves, are regarded 
by Mitscherlich as due to the effect of other factors, such as th§ 
influence of the mulch on the soil moisture, and to the fact that 
their experimental conditions involved shading of the crop. 

The assimilation of carbon dioxide by carrots and radishes in 
closed cylinders, and the effect of the manurial treatment and of 
ifteteorological conditions on the carbon dioxide confed of ‘the air 
around the growing crop in the field, have also been studied by 
H. Lundergardh.^®® 

It would thus appear that it is for greenhouse work that the 
enrichment of the air with carbon dioxide is most likely to have a 
future. As a preliminary to a critical investigation of this side of 
the problem, 0. Owen has studied the distribution of carbon 
dioxide in glasshouse atmospheres,^®’ and the production of an 
atmosphere rich in •carbon dioxide in a glasshouse.^®® 

Soils. 

In this section of the report attention is confined mainly to 
work on methods for •the examination of the soil, leaving questions 
of a more theoretical nature for consideration in tht Report to the 
Chemical Society. 

»» Z. Pflanz. ljunf, 1923, 1, A, 211. 

«« Angew. Bot., 1922, 4, 120 ; J., 1923, 153a. 

Ann. Appl Biol, 1923, 10. 

0. Owen and P. H. Williams, ibid., 1923, 1( 
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A survey of the vegetation and soils of i Africa, including a 
;eneral discussion of the classification of soils add the influence of 
ilimatic factors on their origin 2 ^nd nature, has been published by 
i, L. Shantz and C. F. Marbut.^®® A survey of British fruit soils 
3 being undertaken.^ 


Mechanical Analysis and Physical PropertH^. 


The same principle as that used by G. W. Robinson for the 
uechanical analysis of the soil^^ has been independently applied 
.0 the same purpose in the United States by D. S. Jennings, M. D. 
Chomas, and W. Gardner, and in Germany by G. Krauss.^^® 
The .latter author has also described a simple graphical method for 
ialculating the specific surface of the soil from the mechanical 
malysis. F. Zunker^** defines the specific surface of a soil as the 
atio of the total surface of the particles in a given weight of soil 

0 that of an equal weight of a soil of which all the particles have 

1 diameter of 1 mm. The wide variations in the values thus 
)btained, according to the type of soil, are shown by the following 
able : — 


Type of soil. 
Heavy clay 
Ordinary clay 
Heavy loam 
Ordinary loam 
Sandy loam 
LK)amy sand 
Sand 


Specific surface (Zunker'**) 
. . over 1000 
1000-730 
730-510 
510-340 
340-130 
130-30 

. .. loss than 30 


Zunker specially emphasised the value of the determination of 
ipecific •surface as a guide to the proper depth of drainage of a soil. 

A source of error which is inherent in sedimentation methods of 
nechanical analysis, such as those of Oden,^*® Robinson, Jennings, 
Thomas, and Gardner, and E^auss, and iudeed in all sedimentation 
nethods not involving the repeal^ working up of the sediment 
uitil no matter remains in suspension after the specified time of 
ettling (as in the standard British ‘‘ beaker ” method), arises from 
he fact that it is a matter of the greatest difficulty to bring about 
lomplete disintegration of compound particle^ and complete dis- 
Mjmon of a soil into a suspension of its ultimate particles. This 
lifficulty is emphasised by the results of W. H. Fry,^** who found, 
m lUicroscopical examination of the sediments separated by 
« % 

i8» « Vegetation and Soils of Africa,”*(Amer. tleogr. Soc., N.Y., 1923). 

J. Min, Agr., 1923, 29, 867. 

So 0 Ann, Rcpta., 1922, 7, 379. 

1922, 14, 485 ; J., 1923, 320a. 

Jnt. Mitt. Bodenktmde, 1923, 18, 147. * 

^^^Lomdw. JM., 1923, 58, 159. 

*** S. Od4n, InJt. Mitt. Bodenkunde, 1916, 5, 261. 

J. Agric. JBm., 19ii3, 24, 879 ; J., 1923, 1086a. 
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ordinary mechanical! analysis, between 30 and 60% of the total 
soil colloids undis^ersed among the mineral particles.^^^ 

R. V. Allison^*® has described % method, ba||ed on that used in 
ceramics, for measuring the tensile strength of dried blocks of soil, 
expressed as a modulus of rupture, whicj^ has given promising 
results in the study of alkali soils, and which shows up clearly the 
effect of limQj in improving the physical condition of clay soils. 
The older method of Alterb^rg^^* has been studied by B. Tacke and 
T. Amd,^®® and found to be >»''apable of showing up sigi^oant 
differences in the mechanical composition and physical condition of 
related soils. T. Arnd ^vis developed a new method for measuring 
the coherence of mmerai soils, based on the loss in weight sustained 
by a prepared cylinder and prism each consisting of a (fried 
mixture of the soil with a small percentage of glass powder, 
when the prism an^l cylinder are ground down by pressure of the 
former against the latter, which is rotated under specified 
conditions.^®^ 

A. F. Joseph and F. J. Martin have investigated the effect of 
the soil : water ratio and of electrolytes such as calcium sulphate, 
ammonium sulphate, and sodium carbonate on the “ moisture 
equivalent ” of a number of Sudan soils, using the Briggs and 
McLane apparatus The results show an apparent relation 
between the moisture equivalent and the clay content of the soils* 
F. Hardy^®® has made a further study of the “ soil-point ” method 
for directly estimating the water-supplying power of a soil in 
the field. 

The use of mechanical pressure combined with suction for 
extracting the “ soil solution ” from the soil has been (’cscrr!'^ by 
N, M. Tulaikov and M. S. Kusmin.^®* It is claimed that by this 
means considerable amounts of extract of constant composition 
may be obtained in 15 minutes, even from soils of low moisture 
content.^®® 

Soil Reaction. 

Methods for the determination of soil acidity continue to 
provoke a considerable amount of research. R. M. Salter and 

R. 0. E. Davis, J. Amer. Soc. Agron., 1922, 14, 293. 

Ibid., 1923, 16, 409. 

Int. Mitt. Bodenkunde, 1912, 2, 149. 

1923, 18, 6. 

Z. Bflanz. Dilng., 1923, A 1, 130, 

J. Agric. Sci., 1^3, 18, X9 ; L. J. Briggs and J. MoLane, U.8, 
Dept. Agr. Bureau of Soils Bull. No. 45, 1907. See also G. J. Bouyouoos, 
Soa Sd., 1922, 14, 431 ; J., 1923, 320a. 
iw J. Agric. Sci., 1923, 18, 366. 

Soil Sci., 1923,«16, 236? J., 1923, 790a. 
i**For references to earlier pressure methods of obtaining the 
fifliition ” see P. S. Burgess, Soil Sd., 1922, 14, 191^ and A. W. Qroh, Ini, 
Milt. Bodenkunde, 1923, 18, 107. 
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M. F. Morgan^®* find that the hydrogen-ion concentration of soil 
suspensions? determined electrometrically and also by sugar 
inversion, varies wjth the soil- water ratio, and they urge the need 
for specifying this value when stating the results of pa measure- 
ments on soils. C. 0. ,Rost and A. E. Fieger^®^ find that usually, 
though not always, the hydrogen-ion concentration of the ;^oil is 
increased somewhat by air-drying, and even more by oven-drying. 
The colorimetric method of measurement of hydrogen-ion con- 
centration of the soil is frequently unsuitable owing to the tur- 
bidity of the soil extract.^®® C.T. Gimingham^®* recommends the 
use of a disi)lacement method of obtaining the soil extract in order 
to get over the difficulty, but it is found that the values obtained 
are '’not always comparable with the true value as determined 
electrometrically. F. W. Parker and 0. C. Bryan'®” find a fair 
correlation between the hydrogen-ion concentration and the 
results of the Truog test and the sugar inversion method. The 
inversion of sucrose is shown to be catalysed by the acid silicates of 
the soil, whereas the hydrolysis of ethyl acetate in soil suspensions 
is not so catalysed. F. W. Parker and J. W.Tidmore'®' describe a 
modified form of the Truog test, in which the hydrogen sulphide is 
determined volumetrically. 

The “ lime requirement ” of the soil does not bear a precise 
relation to the hydrogen-ion concentration,'® and the value 
obtained depends greatly on the method used. There is, liowever, 
usually a general correlation, especially on soils of a similar type. 
Such a correlation is observed by E. A. Carleton,'*® using the 
Jones calcium acetate method for determining lime requirement. 
Quebec soils showed a positive value by this method up to pn V*fi, 
but lime-water added to the soil in an amount corresponding to the 
indicated lime requirement brought about approximate neutrality. 
The same author'®^ has studied the litmus paper method of testing 
the soil reaction. P. E. Karraker'®® has also cstabhshed a corre- 
lation between the pn of the soil, its lime requirement as determined 
by the Veitch and by the Hopkins methods, and the growth of 
clover The fact that Azotobacter chroococcum will not groV in 
media with a Ph lower than about 6-0 was utilised by H. R. 

J. Phys. Ghem., 1923, 27, 117 ; J., 1923, 368a. 

1923, 16, 121 ; J., 1923, 1142a. 

Seo e.g., A. F. Joseph afid F. J. Martin, J. AgrL Sci, 1923, 18, 321 ; 
J., 1923, 845a. , • ‘ 

J. Agri. Sci„ 1923, 18, 69 ; J., 1923, 466a. 

Soil Sci., 1923, 15. 99 ; J., 1923, 617a. 

^^^Ibid., 1923, 16, 76 ; J., 1923, 1036a. 

See e.g., T. Wherry, J. Wash. Acad. Sci% 1923, W, 9i7 ; J., 1923, 61 2a. 

Soil Sci., 1923, 16, 79 ; J., 1923, 1036a. 

Ibid., 1923, 16, 91 ; J., 1923, 1142a. Seo also 
1®* Ibid., 1923, 15, 4^3 ; J., 1923, 1036a. 
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Christensen'®® in I90f as the basis of a method for measuring the 
lime requirement the soil, and this method has been widely 
applied in Denmark. Christensen has now stucjied a large number 
of Danish soils by this method and also by Hasenbaumer’s'®’ 
modification of Daikuhara’s method, and bv Comber’s'®® method. 
He finds the last-named method to b^ mucn superior to many of 
the earlier m^slhods for stud 3 dng the soil reaction, but considers 
that the Azolobacter method still has a useful place and that none 
of the chemical methods is - 'loable of entirely replacing it.'®® 
Comber's method has also been developed by D. J. Hissink'’® so as 
to render it applicable ; > alkaline soils as well as acid ones. In 
its modified form it is Avjdely used in Holland, where it has proved 
to be of great value in the diagnosis of acidity as a cause of irifer- 
tility in various sods. 

The association soil sourness with the presence of soluble 
aluminium in the soil is now well known. P. S. Burgess'’' has 
described a method for the determination of this so-called “ active ” 
aluminium in the soil, depending on the extraction of the soil with 
iV'/2 acetic acid. His results show a correlation between the 
content of “ active ” aluminium and the lime requirement. 

Mineralogical Analysis. 

In the past little attention has been paid to the examination of 
soils by mineralogical methods, largely no doubt owing to the 
highly specialised nature of the knowledge and technique required. 
rJ. Hendrick and G. Newlands'’® have described a relatively simple 
method for the mineralogical examination of the soil, in which the 
m*in fractions into which the soil is divided by mechafli ‘>1 analysis 
arc each subdivided by means of flotation, using pure bromoform 
(sp. gr 2*9), combined with magnetic separation, into three 
groups : — (1) the orthoclase group, characterised by potash felspar ; 
(2) the quartz group, characterised by quartz ; (3) the ferro- 
silicate group characterised by ferromagnesian silicates and iron 
oxides. Each group is then examined microscopically. By this 
mean^ the authors have made an interesting comparison of several 
English and Scottish soils. 

Chemical Analysis. 

The Estimation of “ Available Plant Food ” in the Soil . — 

Despite the enormous amount of work that has been done on this 
• ♦ 
i«« Zentr. Bakt., 1906, *11, 17, 735 ; see also Soil Sci., 191'^ 4, 115. 

J. Hasenbaumor and J. Konig, Landw. Jahrh., 1921, 55, 233. 

N. M. Comber, J. Agric. Sci., 1920, 10, 420. 

^®® H. R. Ctiristensen, Int. Mitt. Bodenkunde, 1923, IS, 116. See also Soil 
Sci., 1923, 15, 329 « J.f 1923, mHA. 

Ref. in Z. Pflanz. Dung., 1923, 2, B, 491. 

Soil Sci., 1923, 15, 131 ; J., 1923, 617a. 

J. Agric. Sci., im, 18, 1 ; J., 1923, 465a. 
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subject, the soil chemist is unable to state/^with any degree of, 
certainty, merely on the basis oi a chemical' examination, the 
manurial needs of p.ny given soi,l He is nevertheless frequently 
expected to do so, it being a common experience for him to receive 
a sample of soil from a, farmer with the request that he will analyse 
it and state in what respectat is deficient 'hi plant food and-' what 
fertilisers are needed. In practice there is usually nO difficulty in 
diagnosing a deficiency of lime, with which deficiency probably 
more cases of crop failure can be associated than with any other. 
With regard to nitrogen, the response to nitrogenous manures on 
most British agricultural soils is so definite that the benefit of such 
dressings at their proper places in the rotation is seldom called 
into question. The position is far otherwise as regards phosphorus 
and potassium. Practically any of the known methods will show 
up a soil in which the supply of either of these elements is at its 
lowest ebb ; the difficult problem arises with soils which appear to 
contain at least a moderate amount of readily soluble phosphate 
and potash. Some such soils behave reasonably and respond to 
phosphatic or potassic manuring more or less as would be expected 
from their analysis, but soils are not infrequently met with which, 
on analysis, appear to contain a sufficiency, and on occasion even 
more than a sufficiency, of one or both of the elements in question, 
„and which nevertheless prove in practice to be extraordinarily 
responsive to manuring with the feitilisers that would have been 
deemed unnecessary from the analytical figures. The result is 
that any agricultural chemist who values his reputation hesitates 
to give advice regarding the manuring of a soil unless he has 
available also the results of vegetation experiments, preferably 
on the field scale, on that or similar soils. 

Without doubt, many cases of the failure of soil analysis to 
forecast the responsiveness of a soil to manuring may be explained 
by the operation of other limiting factors, the existence of which 
has been unsuspected or overlooked. The realisation of the 
complexity of the soil and of the factors which control crop pro- 
duction, and the increasing degree' to which the mode of operation 
of these factors is being elucidated, enable the well-informed 
•agricultural chemist to form an opinion as to the needs of a given 
soil with greater certainty than formerly. Although it is, in the 
nature of things, vain to expect that any solvent or method can be 
found which will give in all cases a. clear apd direct indication of 
the manurial reeds of the soil, it is desirable to consider the relative 
merits of the many methods that have been proposed for this purpose. 

The oldest and best known method for the estimation of the 
“ aviulable ” phosphate and potash in*the soil is that of Dyer,”* 

See e.g.f Menoz:ji, Ckem, and Ind., 1923, 1083. 

B. ^r, J. Soc., 1894, 66, 115. 
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in which the soil is ^tracted with 1% citric acid. This method is 
the one commonly used in this country. In the United States 
preference is given to the use of N/^ hydrochloric or nitric acid.^’® 
On the Continent a considerable amount of work has been done on 
the subject by E. A. Mitscherlich, by J. Konjg and J. Hasenbaumtr, 
and by 0. Lemmermann. Mitscherliph’s method depends on tho 
use of water ^saturated with carbon dioxide.^^® Konig and Hasen- 
baumer, after studying a variety of methods, such as treatment 
with hydrogen peroxide, electijolvsiB, and heating in an autoclave 
at 5 atm. pressure, finally come to the conclusion that the Dyer 
method is generally the most suitable.^’’ Lemmermann comes to 
the same conclusion as regards the estimation of “ available ” 
phosphate, but for the potash he prefers treatment with 10% 
hydrochloric acid.**^® C. Brioux^’® has found that for the special 
case of calcareous soils the Dyer method, owing to the neutralisa- 
tion of the citric acid by the chalk, is not so suitable as the method 
of Schloesing and de Sigmond, in which the soil is treated with 
dilute nitric acid of such strength that its final concentration is 
between 0*02 and 0*1%. 

In general, the balance of evidence is in favour of Dyer’s method 
for phosphates. Lemmermann regards the ratio of citric-soluble 
to total phosphates in the soil, which he terms the “relative 
solubility,” as the important value, inasmuch as it takes account 
of the fact that in different soils the phosphate may exist in forms 
with widely differing solubility.^®® Bcarmg in mind, however, that 
this ratio, even if high, does not indicate a sufficient supply of 
phosphate if tho total amount in the soil is low, it is pot clear that 
Bemmermann’s value possesses any great advantage ofer the 
value for citric-soluble phosphate alone. 

For potash the position is more doubtful ; it is possible that 
the method recently worked out by Hissink^®^ may prove of value 
in estimating the availability of tlids nutrient in the soil. 

As an alternative to the analysis of the soil, that of the plant 
gro^ on the soil in question has been suggested as an obvious 

• • 

0. M. Shedd, Soil Sci., 1923, 16, 383 ; J., 1923, 846a. G. S. Frap|, 
J. Asaoc. Off. Agric. Cham., 1923, 6, 329 ; J., 1923, 414a. 

”*E, A. Mitscherlich, “Bodenkunde” (Berlin, Parey), 1920, p. 201. 

J. K6nig and J. Hasenbaumer, Landw. Jahrh., 1923, 69, 97 ; J. Kdnig, 

J. Hasenbaumer, and J. Schafers, 1923, 58, 55 ; J. Konig, J. Hasen- 
baumef, and E. Kroger, 1923, 68, 87 ; J. Konig, J. Fasenbaumer, and 

K. Kuppe, ibid., 1923, 69, 65. • 

0. Lemmermann and L. Fresenius, Z. PJlanz. DUng., 1923, 2 A, 363. 
See also 0. Lemmermann, L. Fresenius, and H. Wiessmann, Landw, Vera^* 
1921, 98, 155. • • 

«• Ann. Sci. Agrm., 1922, 89, 82. 

See also En^ls, Z. Pfiomz. DUng., 1923, 2 B, 185, 

See Awn. 1921, 8,415; alsoSo«5ci„1923, 18., 269; J., 1923, 79U, 
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means of estimating how much of the nutrient material in the 
soil is available for plant growth.^®^ The difficulty of using full- 
grown plants for ^his method consists largely in the need of first 
ascertaining the composition of an average plant of the sort used in 
the experiment. Much of Kdnig and Hasenbaumer’s work^” was 
concerned with this point. Jn a recent paper by H. Neubau^r and 
W. Schneider^®® an attempt is made to get over thi^ difficulty by 
growing a large number of seedling plants (rye) in a small amount 
of the soil under investigation, sp that the whole of the soil is 
completely penetrated by the roots. It is concluded that after the 
lapse of 1 8 days the whole of the readily available phosphates and 
potash in the soil will have been absorbed ; the plants are then 
sejfarated from the soil and analysed. This method gave quite 
promising results and it merits further trial. 

An interesting application of the use of the plant as a means of 
estimating the manurial needs of the soil is that developed by 
H. Walkcr^®^ for the soil of sugar plantations. The phosphate and 
potash in the sugar cane juices were determined, and it was found 
that a content of less than 0-02% and 0-05% of p 2^6 ^ 2 ^ 

respectively in the j uice was an indication of the need for phosphate 
or potash manuring. 

The ultimate criterion of the need of a given soil for manuring 
*must always consist of vegetation experiments in pots and in the 
field, in which is determined the actual effect on crop yield of a 
given fertiliser under conditions excluding the action of non- 
manurial limiting factors (pot experiments), and under natural 
conditions (field experiments).^®® A critical experimental com- 
parison of all the more promising of the chemical methods on a 
series of widely representative soils on which field and pot experi- 
ments are also carried out, is much to be desired. 

General. — From a study of the variability of certain soils in 
total and nitrate nitrogen, A. L. Prince^®® shows that many more 
samples must be taken for the determination of the latter than for 
that of the former. C. T. Gimingham and R. H. Carter^®’ have 
demonstrated a source of error in the determination of nitrates 
in soils by the phenoldisulphonic acid method, arising from the 

See e.g., A. D. Hall, J. Agric, iSci., 1905, 1, 65. 

Z. Pftanz. Dung., 1923, 2 A, 229. 

“‘H. Walker, Ind. Eng^Ckem., 1923, 15, 164; J., 1922^ 322a. H. 
Walker and G. B, Glick, Int. Sugar J., 1923, 25, 47« ; J., 1923, 1086a. 

For an interesting discussion of the application of Mitscherlich’s well 
known mathematical treatment of the relation between crop yield and growth 
factors, to pot cultures and field experiments, as a means of ascertaining the 
manuqal requirements of the soil, see E. A. Mitscberlich, Lancho. Jahrh,t 
1923, 68, 125,601. 

Soil Sci., 1923, 16, 395 ; J., 1923, 846a. 

Agric. Sci., r923, 18, 60; J„ 1923, 466a. 
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fact that certain kinijs of filter paper retain nitrate. W. M. Gibbs, 
R. E. Neidi^, andfH. W. Batchelor^®® have described .an aeration 
method for the determination of ^ammonia in^ alkali soils. 

li. J. vSimon^®® has found that the use of silver dichromate in 
])lace of chromic acid in the sulphochromic method for the det«r- 
mina^ilon of carbon in soils gives higher and more accurate results. 
This has been confirmed by V. Agafonoff.^®® K. A. Bondorff and 
H. R. Christensen have described a volumetric permanganate 
method for the determination )f organic matter in decomposition 
experiments with soil.^®^ 

Biological Examination. 

Basing his techiique on the difficulty of effecting a complete 
dispersion of the colloidal matter in a soil suspension by ordinary 
means (sec p. 424), C. L. Whittles has developed a new method 
for ascertaining the numbers of bacteria in thfe soil. This method 
gave enormously higher numbers than that usually obtained, but 
H. G. Thornton^®® has shown that the results obtained by Whittles’ 
method are impossibly high, and has suggested that they are 
brought about by incomplete sterilisation of the special apparatus 
used for obtaining the soil suspension. S. A. Waksman^®^ has 
discussed the various factors which influence the nitrifying power 
of the soil and has outlined a scheme for the determination of thiS 
property. 

Sci., 1923, 15 , 261 ; J., 1923, 791a. 

18® Tvnd., 1923, 176 , 1409 ; J., 1923, 670a, 

Ibid., 1923, 177 , 404 ; J., 1923, 941a. 

Sa., 1923, 15 , 361 ; J., 1923, 846a. 

J . Agric. Sci., 1923, 13 , 18 ; J., 1923, 466a. 

Ibid., 1923, 13 , 3.52 ; J., 1923, 846a. 

1®* Sod ScA., 1923, 15 , 241 ; J., 1923, 790a. 
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SUGAES, STARCHES, AND GUMS. . 

By Robert F. Lyle, F.I.C., 

Chemist, The Westbum Sugar Refineries, Ltd., Greenock, N.B, 
SUGARS. 

Statistical . — The developments of the year accorded closely with 
the views expressed in last year’s report. Early in February the 
reduction in the first estimates of the Cuban crop from 4,192,000 tons 
to 3,800,000 (actually 3,602,910) was followed by an immediate rise 
in price, which continued during the first half of the year, when the 
price of Cuban sugar rose to £33-34 per ton c.i.f. A decrease in 
the consumption in the United States for the first six months of 
the year of 2*66%, as compared with the similar period of 1922, 
and, also, a reduction of 52,294 tons in this country for the same 
six months as compared with 1922, together with increased deliveries 
of sugar from other sugar-producing countries, like Java, Peru, 
Mauritius, and Brazil, had eventually a depressing influence on 
prices. For the calendar year the consumption of sugar in the 
United States and United Kingdom shows a decline of about 
half a million tons, as compared with 1922. For the sugar year 
1922-3, the world’s consumption is estimated at about 19,250 ,000 tons 
against a production of 18 million tons. Clearly, therefore, the 
carry-over of 1,203,000 tons from the previous year will be fully 
exhausted, and invisible supplies be at an exceedingly low level at 
its close. Such a statistical position has naturally caused a general 
rise in price, but this has b^n checked, partly by adverse trade 
conditions and partly by the influence exerted by the forthcoming 
European beet sugar crop, which may be about 200,000 tons larger 
than its immediate predecessor. The world’s new crops are 
estimated to produce an increase of a millioh tons over last year, 
but are likely to be no more than will meet requirements. With a 
constantly growing world consumption, which has practically 
doubled in the last thirty years, the origin of sugars for the British 
market is a matter of considerable significance. The fact that 
Cuba produces 22% of the total world production is of serious 
consequence to us in seasons of partial failure there ; while, at the 
same time, it has to be realised that our own colonies, enjoying a 
prefeirence of one sixth of the full duty, have' supplied the United 
Kingdom, during the first nine months of the year, with only 18% 
of its total importations. The desirability of increasing suppli^ 
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from Empire sourcegjis recognised, not only from the colonial view- 
point, but, ^ener^y, as a means of minimising the violent fluctu- 
ations in price due to the present dominating injuence of the Cuban 
crop. 

The Cane Sugar Industry. 

Extraction,/)/ the juice.— In the majority of cases, the cane on 
receipt at the factory passes directly to the crushers and mill proper. 
These crushers, and the function they play in disintegrating the 
cane and bringing it into a suitable condition for the subsequent 
milling operations, have been fully described in former Reports.^ 

A very ingenioes m.'> chine recently devised by F. Maxwell* 
combines in itself a pair of pressure rollers, with pressure-regulating 
gear, and a third rhredding roller working in conjunction with one 
of the pressure rollers. The crushing or pressure rollers are driven 
through reduction gearing from a shaft from which also the shred- 
ding roller is driven at high speed through belt gearing. As the 
cane is delivered down a chute it is first crushed by the rollers and 
immediately thereafter shredded by the high-speed roller. A 
trough j)laccd in position below catches the juice, while a casing, 
placed in suitable position, prevents the shreds of cane from 
dispersing and delivers them to a conveyor. One of the crushing 
rollers may have a circumferentially grooved surface, and the other 
is provided with teeth or projections or grooves of any known fornf. 
The toothed shredding-roller may be formed of discs assembled 
together. The ope^ration of this plant, on a practical scale, will be 
watched with extreme interest. 

• Coming now to the train of mills where the actual* extraction of 
the juice takes place, it has been known for some years that when 
the mill-rollers are made with suitably arranged circumferential 
grooves, the juice runs away more freely from the pressed cane and 
consequently better extraction and increased capacity result. 
Considerable difficulty is experienced, however, in keeping the 
grooves free from bagasse, and scrapers for this purpose are 
commonly in use. The method of grooving mill-rollers devised by 
H. C. Hinton and C, A. Marsden* has been found to minimise this 
drawback ; and R. Harvey describes* the improved results obtained 
at Funchal, Madeira, with this type of roller, in trials made this 
year, when a 2*9% increase in extraction was obtained, and the 
general mechanical running of the njill was greatly improved. 
Owing to the enormefus grip'exerted by this form of grooved roll, 
the mill rolls can be set tighter than before, while the usual rate of 
milling is maintained. For the conveyance of the cane from one 

1 Ann. Eept8., im, 6, 389-^90 ; 1922, 7, 385-386. 

aE.P. 198,120. 

«E.P. 189,216. 

* Intern. Sugar J., 1923, 462. 
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of mills to the next following, the Meinehke chute,® with its 
absence of moving parts and general simplicity of construction, is 
reported® to be giving excellent results in Hawaii and Louisiana. 

With the enormous pressure to which the cane is subjected by 
m6dem mills, the exhausted or crushed cane, known as bagasse, 
generally leaves the mill with a water colitent which may^^vary 
from about 43% to 50%. A very remarkable redilction in this 
percentage is claimed to be obtainable by W. Geveke’ in his system 
of extraction of juice from the cane by shredding, macerating, and 
pressing. After crushing and shredding, the cane is sprayed with 
warm water or moist steam and led by means of carriers to plunger 
pre^es. There the material is subjected to a high pressure, 
10,000 lb. per sq. inch, for about a minute, with the result that the 
juice is expressed, leaving a bagasse, containing 25% of water, 
ready for transmission to the boilers for steam raising purposes. 
This pressure is said to be double and the duration t)f the pressure 
about four times that obtainable in a modem milling plant, and the 
cost about half that of the ordinary recognised types of plant. 
Before expressing an opinion regarding the claims here made, there 
are many details one would like to know, e.g., the tonnage of cane 
(or fibre) treated per hour, the quantity of water used and the 
composition of the bagasse, particularly with reference to the amount 
oi sugar left in it. It may, further, be permissible to point out 
that N. Peerr,® in an exhaustive series of experiments in the extrac- 
tion of juice by mills, found that fineness of division and repeated 
pressings are of more importance than a smaller number of pressings 
at largely increased pressures. 

During the year improvements in the design of mill rollers have 
been made by H. W. Aitken,® and in the method of regulating 
hydraulic apparatus for cane mills by D. Stewart and others.^® 

Clarification . — ^For long the need has been realised of an efficient 
strainer for the juice coming from the mills, and it is satisfactory to 
know that of recent efficient types of strainers, one invented by 
S. S. Peck,^^ of a revolving pattern, has stood the test of trial 
in Hawaii, with results, according to W. G. Hall, exceeding 
expectations. 

The procedure adopted in “ tempering ” or defecatmg the juice 
varies in different localities, for various reasons. For example, in 
Louisiana,^ at one of the larger factories, the method was tried of 

® Ann. Rept^., 1922, 7, 386. 

• Facts about Sugar, 1923, 17, 40. 

’E.P. 196,224; J., 1923,668a. 

• “ Cane Sugar ” (1921 Edit.), p. 188. 

•B.P. 187,095. 

«E.P. 190,917. 

u iroem. Sugar J.. 1923, 26, 432. 
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adding milk of limejof 11® B. to the cold juice as it entered the ji^ 
strainer. While* improved clarification resulted by this process, it 
was found that all the lime could.not be added at that stage, owing 
to the formation of the organism Leuconostoc, which is sometimes 
called “frog spawn,” in the tanks and pipes when the jliioe 
became alkaline, and iSie balance of the lime required was, therefore, 
added at tfie liming tanks. In Hawaii,^® various modifications in 
clarification practice have been tried, and certain conclusions drawn. 
For example, adding lime cr;nlmuously at the mill has not been 
particularly successful in practice, on account of the alkaline 
juices dissolving insol ible impurities from the bagasse ; but, on 
the other hand, defecation at the liming tanks carried to a degree ^ 
of alkalinity higher than practised before, has been more generally 
adopted with satisfactory results. 

Rather striking evidence of the advantages claimed to be gained 
by high additions of lime is to be found in a series of tests made by 
H. F. Hadfield^^ in Hawaii. In order to avoid serious losses, not at- 
tributable to mechanical causes, but presumed to be due to inversion, 
liming of juice was resorted to to the extent of 25 — 70% in excess 
of that requisite to produce clarification with a neutral reaction, 
while the reaction at settling tanks and presses, and of sweet waters 
used for maceration, was always kept alkaline. As a result, the 
undetermined loss fell from 4-19% to 0-7-1 -06%, while the boiliilg- 
house recovery was increased by 4r-5%. No disadvantages inci- 
dental to this method of working were apparent, beyond the appear- 
ance of Leuconostoc, which was not in serious amount. It is stated 
that, notwithstanding the excess of lime used, it was impossible to 
*drop an alkaline low-grade massecuite. Coupled with the fact 
that the gravity-purity of the final molasses increased, by thia 
method of working, from 35-42 to 38-12, this would seem to indicate'^ 
a destruction of reducing sugars with the formation of glucinic and 
saccharinic acids. As one would naturally expect, the clarified 
juices were very dark in colour. It is to be noted that such alkaline 
working as is here described, would probably result in the pro- 
duction of a raw sugar dark in colour, making the refiner’^ subse- ^ 
quent task correspondingly difficult. 

When one turns, however, to consider special processes for the 
manufacture of plantation white sugars, the advantage of excessive 
liming with the immediate precipitation of the excess by carb^ 
dioxide hr sulphur dioxide gas is very apparent. 

A very exhaustive and interesting comparative study of the 
relative adyantages of carbonatation and sulphitation, as these 
processes are termed, hae^been made by F. Maxwell,!^ with special 

Intern. Sttgar J., 86 , 204 . 

“ Facts abovt Sugar, 1922 , 15 , 480 , 488 ; J., 1923 , 1191 a . 

» Intern. 8ug<gr J., 1923 , 25 , 672 . 
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reference to the manufacture of white sugars frqfm that exceedingly 
gummy cane known as the Uba variety. The difficialtie^ of working 
this cane in South Africa, owing Ijp the “ gums,” are very great at 
all stages of operation. Owing to the relatively small quantity of 
lim4 used in sulpho-defepation factories, it is found that the gums 
are not wholly removed and in consequence the subseqpient 
operations are only carried through with great difficulty ; particu- 
larly is this the case at the filter presses and vacuum pans. In 
order, therefore, to deal with the gums in this notorious cane, much 
heavier liming is required, and the carbonatation process (which 
takes 7-10 times the amount of lime used in sulphitation) has been 
found to effect a more thorough clarification and to ensure the rapid 
and uninterrupted run of all the manipulations which are the 
essential requirements in the manufacture of white sugar. The 
figures quoted by Maxwell in comparing the two methods of clarifi- 
cation are extremely interesting. In the years 1917 and 1918, when 
sulphitation was employed, the figures for sucrose in the press 
cake were 8-57 and 9-69% respectively ; while, for the three years 
of carbonatation practice, the figure was 5-99% for 1920, 2*35% for 
1921, and 0*67% for 1922. The yields of white sugar are sub- 
stantially increased by the carbonatation process, the difference in 
yield (as compared with sulphitation) being greater the more 
refractory and gummy the juices are. 

As part of the question of the actual amount of lime that is to be 
added to cane juices, whether for defecation purposes alone, or in 
the white sugar processes where larger quantities are used, there 
has to be considered the mode of application. When, in common 
practice, milk of lime is run into the juice at strainers or liming 
tank, or, in special processes, at sulphiting or carbonating tanks, 
there is considerable risk of local over-liming, due to imperfect 
mixing. Products of decomposition of glucose and colour are 
formed, all prejudicial to good work. This difficulty has been 
referred to several times during the year, and D. J. W. Kreulen^® 
has put forward a method of reducing this trouble, Which consists 
in distributing the milk of lime throughout the juice by means of 
air blown through an atomiser, and has also' designed a special 
apparatus for carrying this idea into practice. Although it is held 
by some experts to be almost impossible to control the addition of 
lime by an automatic device with satisfactory results, owing to 
the constant variation in •the nature^ of the,, juice to be treated, 
N, A. Helmer^^made trials, which he considered of some value, 
using a modified water-softener fitted with a special regulating 
arrangement, which allowed variable quantities of milk of lime to 
pass according as the juice required. * * t 
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A matter on Y^^ich considerable difference of opinion may 
legitimately exilt is the determination of the actual amount of 
lime needed for satisfactory defecation, and j complete knowledge 
of all the faetors applicable to any particular case is necessary to 
form a right judgment. In the majoritj^ of factories the reaction 
of tjhe juice with litrAtis and phenolphthalein papers is taken as a 
sufficient g^ide, the lime being added until any acidity as shown by 
litmus is neutralised cr even until a slight pink coloration is shown 
on the phenolphthalein pa. i^’*. While this may suffice, with 
proper attention, to produce the desired results, the subject has 
recently received eoTi^'vleration from H. F. Brewster and W. G. 
Raines, jun.,^®byj.Bcobide,^®andbyW.J.Williams and J.A.Gebelin^ 
from the point of view of the hydrogen-ion concentration bf the 
juice. Reference to this matter, and the work particularly of 
Brewster and Raii'cs and of Beobide, is made later in the Report 
in the section dealing with Chemical Control, but the practical 
tests made by Williams and Gebelin of this method of controlling 
clarification over a whole season’s campaign in Santo Domingo may 
with advantage be considered here. These investigators used the 
drop test on hot juice, and found the indicators suggested by 
Brewster gave quick and satisfactory tests. The value necessary 
to obtain good clarification varied widely from 8-5 to 6 or less 
according to the juice. In the opinion of these chemists, it^is 
evident that it is impossible to stipulate, and adhere to, a definite 
pH value invariable for all juices. As indicative of improved 
clarification resulting from this method of control, the sugars 
turned out of this factory contained only 48-5 parts of insoluble 
•matter per 100,000. In the course of working june from cane 
grown on old fields, it was also found that no change of pa could 
clarify it completely, and on investigation it was shown that this^ 
was due to silica in a colloidal form ; further, it was surmised that 
a silicious deposit found on the evaporator tubes came from this 
haze in the juice. In this comiexion, it may be recalled that 
Muller drew attention to the unsatisfactory defecation due to 
colloidal silica in organic combination, and suggested as a remedy 
the superheating bf the raw juice to 116° C. This subject has 
already received considerable attention from M. Bird,®* and 
recently R. G. W. Farnell,*^ the Research Chemist of the British 
Empire Sugar Research Association, has published the result of 
some investigations^ on thq effect of* superheating unlimed cane 
juices. A laboratory experiment showed that 69^^% of the silica 
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a the juice is precipitated at 103® C. and 75*7^0 11^° C. The 

mportant itepi, “ glucose ratio,” is not given m «detan, but it is 
(tated that it fluctuated considerably, showing increases and 
decreases from the raw juice figure. Factory tests were made at 
iemperatures varying from 103-5° to 121° C., and, wliile the 
abuiated comparisons are not^of figures obtained during identical 
;rmding periods, it is possible to conclude that part Q.f the silica 
iresent is precipitated and that there is a decomposition of some of 
he gums resulting in a reduction of th^ lime required for satisfactory 
lefecation. 

Among the vital points remaining for further investigation is the 
jonnexion between the hydrogen-ion concentration of the raw 
uioe and the inversion of sucrose during superheating. In view 
>f experiments made by Deerr,^* Brewster and Raines {loc. cit.), 
5erban,2® and others, it maybe that the possible loss of sucrose by 
aversion at “ acidities,” in terms of hydrogen-ion concentration, 
B under better control when this principle of ionic dissociation is 
(mployed as the guiding factor. 

An apparatus for use in the liigh-temperature clarification of 
lane juices has recently been invented and patented by Duncan 
Jtewart and Co., Ltd., and W.Mauss.^® It is known that the gummy 
lubstances precipitatable by heat and pressure are inclined to 
liaintegrate, and in this condition are liable to choke quickly the 
lurfaces of any filter used. In the Mauss system, the heated juice 
B passed through a series of tubes designed to prevent the co- 
kgidated albuminous matter from breaking up ; in consequence, 
ihe filtration dj^fliculties are, it is claimed, reduced. 

Evaporation . — ^If the processes of defecation and filtration have‘ 
jeen satisfactorily carried out, there results a clarified juice con- 
laining about 85% of water ready for concentration. This 
>peration is carried out in two stages, firstly, by means of multiple 
iffeot evaporators and, secondly, in the vacuum pan, where the 
concentration is carried to the graining point. One source of 
;rouble, common to both evaporating systems, is the risk of loss of 
lugar bjr entrainment in the vapour. In the first-named system, 
ihe loss takes place in the last effect, where the vacuum is highest 
md may be 26-27 inches. E. Haddon^ found serious losses in the 
ast vessel of a quadruple evaporator, but by installing a “ save-all 
A the type invented by N.A.Helmer,2®which he slightly modified, he 
irought these losses down to a negligible amount. In Hawaii a 
lumber of factory managers have been experimenting with different 
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devices to lessen the Joss by entrainmenT, and A. Fries*® presented 
evidence showing thrft in several factories the well-knoyoi Stillman 
form of “ save-all ” was found only to reduce and not entirely to 
eliminate loss <ii sugar from this sdhrce, which fbsult is contrary to 
the experience of most users of this trap. It was, however, found 
possible to reduce en^ramment to a reasonable limit by tne 
installation wooden baffles for tfie purpose of reducing the 
velocity of the vapour passing through the apparatus. This 
device proved effective, even when running the factory at the rate 
of 40 tons of cane per hour, while at a lower rate of evaporation no 
sugar at all would be detf'cted in the condensed water by means of 
the sensitive a-naplithol i/Cst. The concentration proceeds in the 
evaporator until generally a syrup containing about 50% of water 
is obtained. At this point the syrup is passed to the vacuum pan 
to be grained. 

Boiling to Oram and Crystallising . — ^The boiling methods now 
most commonly adopted in raw sugar factories are directed largely 
towards obtaining only a marketable sugar of about 96*^ polarisation 
and an exhausted molasses of 35® purity or thereabouts. In order 
to obtain this result, as W. Searby®® points out, it is inevitable that 
there should be a boiling-back of molasses and dark-coloured low- 
grade sugar, with the result that the marketable sugar is built up 
in an impure mother liquor containing too much non-sucrose, iui 
every way detrimental to the colour and the yield. A study 
therefore has been made by H. C. Welle of the pan-boiling systems, 
in respect of the in-boiling of non-sugars. In great detail, he con- 
trasts four systems and comes to the conclusion that the one which 
il preferable, both from the point of view of the plantar ion«ind the 
refinery, consists in boiling two raws and a low grade which is 
double-purged. 

Simple as this statement may appear, the actual operation of 
producing a maximum yield of sugar, together with an exhausted 
molasses of low purity, is a difficult problem which has engaged 
the attention of technologists for many years. A recent Report** 
drew attention to one of the factors affecting the purity of exhausted 
molasses, viz., the 'presence of fine grain, and, again, the* whole 
subject has been reviewed by T. van der Linden** in an invesft* 
gation on the nature of Java molasses. As a result of a study of 
the question by the Chemical Department of the Java Experiment 
Station, •two conclusions were arrived at : firstly, that Java 
molasses should be regarded as a saturated solution of sucrose, the 

*• Intern, ^ugar J., 1923, 25, 691. 

>» Ibid., 1923, 30^ • 

« Ibid., 1923, *^10. 

» Ann.Bept8., 1921, 6, 423. 

»» Intern. Sugar J., 1923, 25, 631 ; J., 1923, UWa. 



440 


BEFOBTS OF THE FBOOBESS pF AFFLIED CHEMISTBY. 

sucrose content of which ’is governed by the^- influence exerted on 
the solubility by the different constituents, viz.^ inv<J.rt sugar and 
non-sugars ; and, secondly, from the evidence obtained experi- 
mentally, that the further exhaustion of Java molasses is possible. 
These conclusions bein^ accepted by van der Linden as scientifically 
sound, the question resolved, itself into oneeof ascertaining iiywhat 
manner, technically, they could be proved and carrieddnto practice. 

With the aid of a small experimental installation molasses were 
boiled to a high Brix degree (95°-98,-5°), at which gravity they were 
just movable in the crystalliser at the ordinary temperature. When 
this point was reached molasses at about 85“ Brix was added in quan- 
tity sufficient to enable centrifuging to be effected. As a result 
of boiling to a high Brix, and centrifuging at as high a Brix as 
possible and at as low a temperature as possible (30° C.), a molasses 
was obtained having a purity 1*9“ lower than one boiled by the 
customary method. In order to ensure the best conditions for 
obtaining an exhausted molasses by this method of boiling and 
centrifuging, the only part of the ordinary equipment of the factory 
that must be increased is the cooling capacity, so that the molasses 
may have three or four days in which to deposit its sucrose. 
H. C. Prinsen Geerligs,^^ whose classic investigations on this 
subject are well known, is in general agreement on the whole with 
van der Linden’s experiments and results as indicating how the 
purity of exhausted molasses may bo lowered and the sugar therein 
diminished, but is of opinion that they have not elicited anything 
previously unknown. 

It may be recalled that Geerligs,®® in a criticism of a process 
patented by <5. N. S. Williams,®® eight years ago, drew attention to 
methods outlined by him in his books, by which molasses is boiled 
in a vacuum pan on pied-de-cuite of crystals till a mixed massecuite 
of 60° purity and 98° Brix results. When this is cooled in motion 
for three days and centrifuged in ordinary Weston centrifugals, it 
is separated into an after-product sugar and a final molasses of 
about 30° purity. It has further to be observed that, however 
desirable it may be to centrifuge a heavy massecuite at as W a 
temperature as possible, the natural viscosity of molasses renders 
such an operation almost impossible, and therefore Geerligs had 
indicated a temperature of 45° C., below which it is inadvisable to go. 

Deterioration of Raw Sugars.— The factors affecting deterioration 
of raw sugar in storage ap*d transit .have already received much 
attention and been adequately dealt -(rith in*^recent Reports.®’ A 
solution of the problem has been announced by]^W. L.^Owen,®® who 
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attacks it from the^ bacteriological sicfe. It is well known that 
certain torutse produce abnormal fermentative changep in sugar at 
the expense of the laevulose of the invert sugar present, with the 
usual evolution of carbon dioxide. Owen fias found that by 
inoculating raw sugar with torulse, the action of the moulds (wl^ch 
he hi^s previously descsibed as the mpst dangerous group of micro- 
organisms ir. sugar) was entirely restrained notwithstanding the 
fact that the fermentative changes brought about by the torulae 
produced a lowering of the der i+y of the molasses film, a condition 
which was most favourable to the invertive action of the moulds, 
Aspergillus repens and niger, which he employed. This restrain- 
ing infiuence he attribuuis to the toxic effect of the carbon dioxide 
evolved upon the mould fungi. In the case of Aspergillus re^enSy 
the most active of che moulds occurring in deteriorating sugars, the 
concentration of cuhon dioxide required to prevent growth at 
16°-18° C. was found to be 40%. In the experiments made by 
Owen, under carefully controlled conditions, the effect of inoculation 
was most marked. In those cases where the film of fermenting 
molasses was present, no deterioration was observed, whereas in 
others, in which torulae were absent, there was a loss of 6% of 
sucrose. These researches are still proceeding with the object of 
ascertaining the most suitable type of torulae and the best methods 
to employ them on the industrial scale. Meanwhile the results 
obtained and the proposals made will bo scrutinised closely by 
those whose work has not hitherto led them to similar conclusions. 

It is generally agreed that the cause of deterioration of sugar in 
store or transit is due to the action of micro-organisms, but the 
problem is complicated by the chemical and physical Lc*tupe of the 
sugars and by atmospheric and climatic conditions. Fully realising 
the correlation of causes, C. A. Browne®® has been investigating the 
moisture absorptive power of different sugars under varying 
conditions of atmospheric humidity, and, independently, W. L. 
Owen^® has been studying some of the factors affecting the moisture 
absorption of raw and refined cane sugars. 

Browne’s experiments elicit the interesting fact that laevulose 
ranks eleventh in order out of a range of seventeen substances, 
when subjected to a 60% humidity for one hour at a temperature bf 
20® C., but on exposure to a completely saturated atmosphere for 
25 days, its position had changed to fourth in the list and its 
absorptive power W8^ not exhausted. * 

As supplementary to these figures, Owen’s*^ stnuy of the same 
subject reveals the fact that the moisture absorption of the samples 
of sugars (plantation whites and standnrd refined granulated) was 
# • • 
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60% greater at 30® C. thaA it was at 23-5® C. Owen’s contention 
that it is impossible to manufacture and stord* in perf^ectly aseptic 
conditions is well supported by others. Nevertheless, all emphasise 
the necessity of cleanliness in the factory as a preventive measure, 
an^ Owen quotes the satisfactory results obtained in Hawaii by 
stnct attention to thfe important point. « This year the same 
testimony comes from the Philippines. W. E. KopkeJ® reports the 
results of successful efforts made to reduce loss of sugar by 
inversion, by paying greater attention to juice strainers, the slats 
of the cush-cush conveyors, and the pipes leading to supply tanks, 
and A. W. Woods^® finds a marked improvement in the reduction 
of slimy growths and sucrose-destroying ferments by the application 
of steam at different places where infection is liable to occur. 

The caked condition of raw sugar as delivered at the refinery 
has been frequently observed and adversely commented upon, 
owing to the trouble of removing the sugar from the bag and the 
damage suffered by the bags in consequence. Causes of these 
objectionable features and suggestions for remedying them have 
been made by E. Wuthrich*^ and H. Walker.^® The practice of 
bagging hot sugar in the factory and piling the bags, one on top of 
the other, until a very considerable weight rests on the lower tier, 
is believed by the former to be a contributory cause of caking, but 
not the main factor. From experiments made in factory and 
laboratory, Wuthrich concludes that caking follov/s when sugars, 
containing a fairly high moisture content, say, 1% or more, are 
brought into surroundings where they are partially or wholly dried. 
This is practically the opinion of Walker, who thinks, among other 
reasons*’ which he specifies, that a humid atmosphere depositing 
moisture on the sugar, induces some sugar to pass into solution ; 
while if, later, the atmosphere becomes dry, water evaporates from 
the film, causing supersaturation and crystallisation, the result 
being a cementing of the separate crystals. As both of these 
experts point out, among the chief means of preventing sugars 
from caldng, it is necessary to dry and cool the sugar as much as 
possible before bagging and storing. 

The Beet Sugar Industry. 

Rome-grown Sugar . — ^Evidences are not lacking of increasing 
interest in the cultivation in Britain of sugar |>eet and manufacture 
of sugar therefrom. Encouraged by‘the prospect of immunity 
from a high excise duty (amounting at presentto about £26 per ton), 
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by the hope of financial and agricultural*benefits accruing to the 
farmers, and by the nSonetary and technical assistance offered by 
The British Sugar Beet Growers’ Society, Ltd., schemes *have been 
formulated which are lihely to materialise in tlft erection of new 
factories in Suffolk, Yorkshire, and South Lincolnshire in the near 
future, while agriculturist;? in other English Counties seem favour- 
ably disposed,., towards the erection of a central beet sugar 
factory. The two existing beet factories, Kelham and Cantley, 
will be merged into one company in the spring of 1924. Meanwhile 
the nominal capital of the former has been drastically reduced by 
writing off 15s. in the f The English Beet Sugar Corporation 
(working Cantley) ccncluuod their last season’s operations with a 
net profit of £103,981, which enabled them to reduce their debit 
balance of £118,9^, leaving £14,958 as a debit on profit and loss 
account to be wiped '^ut, probably, in the current year. Some 
interest and other charges, amounting to £20,952, have also stiU to 
be .liquidated. These factories co-operated in the campaign of 
1922-23, to the extent that the roots of both areas, amounting to 
64,000 tons, were all worked at Cantley, Kelham remaining idle. 
The working results are considered satisfactory. The average 
sucrose content of the roots was between 16 and 16 and the 
extraction, in terms of white sugar, reached, for the first time in 
England, 13%. The price paid to the farmers for roots was 
32s. f.o.r., based on a 15]^% sucrose content, with a variation* 
of Is. for each 1% above or below that figure ; the average 
cost to the factory, including carriage, was between 42s. and 43s. 
per ton. 

Extraction of the juice. —The method most universaJlyriii op^ation 
for the winning of sugar from the root is that known as the diffusion 
process, according to which, by a systematic circulation of hot 
water through a battery of vessels containing finely shredded 
beet-roots, the crystalloids (sugars and salts) are caused to diffuse 
through the membrane of the plant-cells, leaving the colloidal 
constituents behind. Although this mode of extraction has been 
almc^ exclusively in use for fifty years, certain disadvantages 
associated with it are fuUy recognised, and recently modifications 
of it, if not, indeed, entirely new processes, have been described.. 
Among the difficulties inherent in this form of extraction is the 
accumulation. of large amounts of waste waters from batteries and 
from pres^g the exhausted pulp. To.reduce the water used in 
the factory is very desfrable from every point of view^ nnd a method 
of continuous extraction, on the counter-current principle, offers 
great advantages in this respect. A practical test of a system, 
based on this principle, piotected by patents taken out by K. 
Philipp,** has taken place in Germany during three campaigns, 
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and H. Banckwerts," t^ne manager of the Obemjesa factory in 
which it has been installed, has expressed the cpinioVi that the new 
process provides a method well adapted to displace ordinary 
diffusion, its most notable aivantages being : smooth working, 
economy of labour, absence of waste waters, and the comparative 
ease with which frosted rpots may be treated. The installation 
was designed for, and actually operated 1500-1600 tf>ns of roots per 
24 hours. It consisted of three sections: (1) The chip-heating 
system ; (2) the extractors, and (3) the control appliances for 
operating the plant. The extracting system was composed of a 
series of twelve rectangular troughs, six and a half feet in width, 
provided with stirrers. In practical operation, beet-chips of 
3 'inm. in thickness are introduced into a screw conveyor-trough 
and mixed with several times their weight of hot circulating juice 
at 92°-95° C., drawn from the extractors. In vigorous agitation, 
this mixture of chips and hot juice is conveyed to No. 1 trough of 
the series where the counter-current extraction begins. The chips 
are then passed from one section of the extraction troughs to the 
next, in contrary motion to the flow of the juice, by means of transfer 
stirrers and valves. When, by tests, it is judged that the juice is 
of proper strength, a portion is drawn off for heating the chips and 
the rest sent to the factory. By this apparatus, now known as the 
Philipp-Forstreuter, a juice of 16-5® Brix was obtained, leaving 
exhausted chips containing 16-17% of dry substance of which 
1*5% was sugar ; of this, however, half was recovered in the press 
water. A comparison between this method of continuous diffusion 
and that described as the “ rapid ” process patented by Paschen 
and describe'd fully in a recent Eeport,^® will show some similarities. 
This latter process, it may be remembered, was subjected to some 
criticism on various grounds, one of them being the low density of 
the resulting juice, viz., 13-29° Brix, and the greater quantity of 
water that, in consequence, had to be evaporated. The figures 
quoted of the performance of the Philipp-Forstreuter apparatus 
seem to indicate an improvement in this respect, and the juice 
obtained appeared to be brighter and better in colour thap. that 
obtakied from battery diffusion, and ran easily through the factory, 
•working up eventually into a good massecuite. It will be interest- 
ing to observe the further development of this system. 

The apparatus devised by J. I. Thomycroft**^ for the extraction 
of sugar by a system of* continuous diffusion has already been 
described and,, favourably commented upon. A further improve- 
ment has been made by the inventor, which consists in increasing 
the cross-sectional area of the vertical diffuser in an upward direction. 
By this alteration more space is given at the top ^)f the diffuser for 

Deut. Zwkerind., 1923, 48t 233. 

Ann. RepU., 1920, 6, 404-406. 



445 



;he material (sliced beet) and in consequefice there is less chance of 
;he diffuser bdboming choked. , 

These methods of continuous ^diffusion arj but mechanical 
variations of a- well established system of juice extraction not 
involving a departure from any recognised nrinciple. In ordinal^ 
practice it is customary to avoid rupturing tne cell-wall, for if that 
wrere done, th J process would cease to be one of diffusion, and, by 
bhc consequent introduction of colloidal (pectinous) substances, the 
purity of the juice would be low* red, and difficulties in subsequent 
operations would arise. An examination, however, of the details 
of the new process of extracting sugar from beets, protected by 
H. Plauson,®® reveals a complete departure from existing practice. 
Here it is proposed to subject the washed roots to the finest dis- 
integration possible in a colloid-mill, in the presence of milk of lime. 
Owing to the fine 8tat(' of division, chemical action is completed in 
a minute, and saturation with carbon dioxide may bo effected in 
the mill at once. The carbonated juice is then filtered, under high 
pressure, through an ultra-filter press, a clear juice resulting and 
an exhausted residue, with a low water content, containing only 
small quantities of sugar, being left behind. As there do not appear 
to be published records of any trial of this process on the large 
scale, further consideration of it may be postponed. 

Clarification . — The generally adopted method of defecating beet, 
juice is by adding to it a thick milk of lime of about 20® B. at about 
7r)°-80® C. and subsequently introducing carbon dioxide to preci- 
pitate the lime. No departure of any great importance from this 
well established system has been announced during tl^e year. 

In the preparation of the milk of lime, the last sweet ■’vater from 
the filter presses is frequently used. Attention was called by 
P. Beyersdorfer^^ to the destruction of sugar that may here take 
place, amounting to 20% of that originally present, especially if 
the temperature on slaking exceeds 100® C. This subject has again 
been investigated by J. Vondrak®^ in a series of factory and 
laboratory experiments. These showed that the purity of the milk 
of linie was practically the same as that of the sweet water from 
which it had been prepared, and its content of soluble calcium 
salts had only increased by a very small amount, whereas, had* 
decomposition taken place, calcium lactate in appreciable amount 
would have been found. Vondrak is of opinion that Beyersdorfer’s 
method of tletermining^the sugar remaining in the scums gave results 
much too low. When an insufficient amount of ifweet water is 
used for slaking the lime, a loss of sugar might occur and then may 
reach 13%, 
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The action of lime upon beet juice has been studied recently by 
various chemists and the results very fully recoiled. The further 
experiments of V. .Skola®^ are of interest as showing the composition 
. of the precipitate formed by liming with 2% of CaO (1) in the cold ; 
amd (2) at a temperature of 80° C. In the first case, the precipitate 
contained too much mineral matter arid too little nitrfgenous 
matter to render it suitable as a cattle fodder ; and, ‘'tether, of the 
2% of lime used, only 13% had been precipitated and 87% had 
passed into solution. When liming at 80° C. the precipitate 
obtained was considerably richer in nitrogen and phosphates. A 
reference to the previous work on this subject will show that 
proposals to defecate first with only a small quantity of lime, and 
to remove the resulting precipitate before proceeding to complete 
liming and carbonating, have not met with favour, one of the 
objections being the difficulty of filtering the slimy precipitate So 
obtained. Skola®® has endeavoured, by various methods, subsiding, 
mechanical filtration, electro-osmotic drum filtration, and centri- 
fuging, to overcome the difficulty, but without conspicuous success. 
It would thus appear from his labours in this field that neither cold 
defecation nor initial treatment of beet juice with small quantities 
of lime offers any advantage over the methods in general use. An 
interesting contribution has been made by H. A. C. Van der Jagt,*® 
, by a series of laboratory experiments in which he applies De Haan’s 
.well-known process of cane- juice defecation to the clarification of 
beet juice and compares it to the ordinary mode of practice in 
Holland. He Haan’s method consists in adding lime gradually to 
the juice w,hile carbon dioxide is simultaneously pumped through 
it, th'fe reaction being maintained at an alkalinity not exceeding 
0*3 g. of CaO per litre, while the temperature is not allowed to 
exceed 50°C. In beet juice, on account of the absence of “glucose,” 
a higher temperature can be maintained without detriment, and 
therefore Van der Jagt’s tests with this process were carried out at 
80° and 90° C. From these it would appear that while single 
carbonatation, according to ordinary practice, results in an increase 
in purity of juice of 3*35%, sii^le carbonatation by He Ilaan’s 
method, at 90° C. results in an increase of 4-38%. These experi* 
ments are quoted here in confirma?tion of the advantages, previously 
referred to,®^ of producing within the juice a precipitation of calcium 
carbonate which, by virtue of its granular condition, increases the 
adsorption of the colloids. Notwithstanding that less lime is 
required by He Haan’s method than l)y ordinary carbonatation, the 
mode of precipitation is favourable to adsorption. 

“ Ann. Repts., 1920, 6, 406-407 ; 1922, 7, 403 

•* Z. Zvekerind. Czecho elov.f 1923, 47, 

** Ibid., 1923, 47, 476 ; J., 1923, 847a. 

Chem. Weekbla^ 1923, 9. 

” Arm, Bepta.f 1^20, 5, 407. 
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About two years ago, Ricard, AUenet ci Cie. obtained protection** 
for a process*for ^rifying beet juice by adding a soluble alginate 
and precipitating alginic acid or calgium alginate^with lime. Details 
have now been*published by E. Saillard*® of large-scale trials df this 
process, made in France, and from these ij is evident that while 
the toets were not uns^isfactory, thetpurity of the resulting juice, 
or the amou’nt of nitrogenous matter precipitated, did not differ 
materially from the results obtained in ordinary practice. The 
filter-press work was adverseb^ affected by the slimy nature of the 
precipitate. Apparently, therefore, this “ Ginal ” process, as it has 
been termed, possesses some disadvantages which, unless overcome, 
will militate against its general adoption. ^ 

In all processes of clarification of sugar juices, cane or beet, by 
treatment with lime and heat, it is of importance to point out that 
the major portion of the impurities, such as gums, pectinous and 
albuminous substances, are eliminated by action of heat and are 
adsorbed by the lime, forming a precipitate which settles out more 
or less readily. As the removal of these organic substances, 
colloidal in nature, by a direct, non-chemical method, would tend 
towards simplification of the process and improvement of the 
product, any claims in this direction put forward on behalf of a 
filter are naturally closely examined. Two filters, of this character, 
have recently appeared, the Plauson apparatus,®® and the “streaiiv 
line filter ” invented by H. S. Hele-Shaw.®^ The latter has arrested 
considerable attention by its ability to yield clear and colourless 
solutions from dyes, milk, beer, and raw sugar solutions. Although 
it cannot be said that these filters are adequate to^the technical 
requirements of the sugar industry, they are an advance ( n l]^^lything 
of the kind hitherto produced and are probably capable of consider- 
able development. 

Deooloeising Carbons. 

Generally speaking, while much of the work on these products 
carried out recently has been valuable, it is probably true, as J. F. 
Brewster®* points out, that the methods of manufacturing these 
carbons have developed more quickly than processes for theilr ; 
successful application. The present price of good decolorisin^j 
carbons is so high as to militate against their extensive use, and 
the aim of producers must accordingly be directed towards a 
reduction, in the initial co^t. The interest, therefore, attached 
to methods of manufacture largely centres aroupd this point,. 
It cannot be said that any of the methods of preparation publish^ 

” E.P. 17*3,736. 

»• Suppl CirofkeM., No. !719 of 1922 ; J., 1923, 196a. 

•» Intern. Sugar J., 1921, 28, 680. 

"J., 1923, 363t. 

«£a.Ptant6f.l923,70, 471. 
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during the year under review differ in any radical way from those 
already well known and described, but allusion^ may be made to 
two methods of applying these carbons in sugar production for 
which protection has been obtained. In ordinary practice a small 
pesrcentage of carbon is simply mixed with the hot sugar solution to 
be decolorised, and the mixture filtered tiirough any well-known 
type of filter. Reference to a former Report®^ will shew that it was 
known that carbons are more effective in slightly acid solutions, and 
that J. F. Brewster and W. G. Raines had translated that acidity 
into terms of hydrogen-ion acidity. Their investigations have 
now developed into a patented process,** and it is claimed that 
by adjusting the hydrogen-ion concentration to an optimum for the 
liquor to be treated the most effective dccolorisation is obtained. 
While the carbon is adsorbing the impurities, the jig value should 
be 4, but, subsequently, it should bo reduced, to avoid inversion, 
to 6 or 6-5 by partial neutralisation with alkali. Another mode of 
applying carbon to decolorise sugar solution is advanced®® with 
the object of reducing the quantity to be used to a minimum. In 
this process, designed for use with beet juices, it is proposed to 
allow the comparatively small amount of carbon which is used to 
act in conjunction with other clarifying agents, like kieselguhr and 
wood-meal, and then subject the whole mixture to treatment with 
Hme, After mixing the syrup (50°-60® Brix) with these materials, 
it is treated with sulphur dioxide or carbon dioxide at 90° C., until 
the alkalinity ivS reduced to 0*01 % CaO. Good cakes and brilliant 
juice are thus obtained, the former containing the carbon being 
subsequently used in the juice at the first carbonatation. 

Passing from these special methods to a consideration of the 
general application of carbons in sugar manufacture, it is possible 
from the experience now gained, and published in recent articles, to 
obtain a fair impression of the capabilities and limitations of this 
system of refining. The possibility of clarifying and decolorising 
cane juice, at one operation, by the addition of a small amount of 
carbon is very attractive, but has not yet been realised in general 
practice on account of the nature and amount of impurities which 
the carbon would thereby be called upon to ‘adsorb. Experience 
has shown that in employing so expensive an agent, it is necessary 
before attempting treatment with the carbon, firstly to separate the 
sugar by crystallisation from the bulk of the gums and colouring 
matter, and secondly to subject the sjigar so obtained tota washing 
(affination) process to bring it to the* high degree of 99% purity. 
This is confirmed by the experiments of W. H. Dunstone®® in 
Louisiana in attempting to deal with cane juice direct, and by 

**^nn. JSepte., 1921, 6, 429. 

«* U.S. P. 1,447,461 ; J., 1923, 388a. 

C. Gorlitz, and Lehmann u. Voss, G.P. 363,699 ; J.. 1923. 369 a. 

*• Facts about Sugcj^, 1923, 16 , 190. 
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J. F. Brewster,”’ who, referring to th^ same mode of operating, 
draws attention to 'the large amount of carbon required in the 
process and the correspondingly large regenerating equipment. 

This tendency in modern carbon processes t^ lessen the work to 
be done by the carbon to more or less of a finishing process is s^j^g- 
gestivo as indicating tlyit the part carbons*may play in refining is 
limit&l. Thf" principal factor that governs this limitation is that of 
revivification or re-activation of the exhausted carbon. This is 
being fully realised by those w^ll qualified to express an opinion. 
J. N. A. Sauer,”® for example, m a very comprehensive article on 
“ The care and revivification of Norit decolorising carbon,” points 
out that the adsorbed organic matter when burned (in a revivifying 
plant) is transformed into extremely fine non-porous and non-afltive 
carbon, except when it is given special treatment to activate it. In 
addition to the organic impurities adsorbed, exhausted carbons may 
also contain inorganic matter, like calcium salts and silica, which 
may be present in the raw product dealt with, and it is remarkable 
how the latter can increase if a system of pre-filtering is not in 
operation. This recognition of the importance of revivification is 
welcomed, because it is only through this that expensive carbons 
can ultimately find a permanent place as refining agents. 

Analysis of Sugar Products and Chemical Control. 

Determination of Reducing Sugars , — ^The two principal methods-*- 
the gravimetric and the volumetric — of determining invert sugar 
by its reducing action on copper sulphate, are both in common use, 
the former for more exact determination and the latter for routine 
work in sugar factory or refining laboratory. Unfortunately the 
results obtained by the volumetric method arc vitiated by various 
influences, one of them being the ease with which the cuprous oxide 
is re-oxidised. As the common mode of titration requires the 
interruption of boiling for the withdrawal of a portion in order to 
test for unreduced copper with potassium ferrocyanide as an 
external indicator, the opportunity of back-oxidation is increased. 
The fact that methylene blue is completely decolorised in hot 
alkaline solutions by^ aldoses and ketoses has been made use, of by 
L. Eynon and J. H. Lane ”® by employing it as an indicator uj 
presence of Fehling’s solution. They have shown that the end of 
the reduction coincides with decolorisation of the methylene blue 
and have outlined the best manner o{ making the titrations to 
ensure accuracy. In*the aiiftlysis of all kinds of sugar products, 
honey, starch conversion products, malt worts, ^d beers, this 
modification ^ of Fehling’s volumetric method has been found 
convenient and expeditioug and to give as exnct results as those 

Loc, cit. * 

Intern. Sugar J., 1923, 25, 485. 

J„ 1923, 32t. 
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obtained by the gravimetric method. Besides the risk of re- 
oxidation 'vv^hile conducting titrations accordinfj tp Fehling’s method, 
other factors which adversely affect its accuracy have also been 
investigated during the year by j5ynon and Lane.’® These chemists 
fqund that the influence which salts of the alkaline-earths exert on 
this determination is very considerable, bu^ on the contrary, others, 
like magnesium sulphate '^and chloride, aluminium sulphate, 
ammonium chloride, potassium chloride, and normal lead acetate 
are without effect. A series of tests on different sugars disclosed 
the fact that the influence of calcium chloride solution was most 
pronounced on lactose, due probably to the fact that this sugar is 
less rapidly oxidised by Fchling’s solution and, consequently, more 
time is given for the calcium salts to act upon the sugar. That 
these investigations and results have an important bearing upon 
the most common sugar analysis vill be obvious, for most raw 
products (cane more than b^t), syrups and molasses contain 
calcium salts, in some cases in considerable amount. These 
authors have found potassium oxalate to be the most effective 
precipitating agent, which confirms the opinion of others. 

In the standardisation of saccharimeters several refinements in 
method are necessary to ensure accuracy. Amongst the points to 
be observed is the purity of the sugar used in ascert^aining the 100® 
^oint of the instrument. It is weU known that small quantities of 
invert sugar present in the sucrose, emounting to 0*005%, may be 
qapable of causing an appreciable error, and, in consequence, 
various methods have been proposed for the determination of these 
small percentages. One of them, devised by A. Kraisy,’^ has 
recently been subjected to critical examination by 1. M. Kolthoff.’® 
who finds it difficult in application and inaccurate in result. This 
latter chemist prefers a modification of J. B. Sumner’s colorimetric 
method,’® using dinitrosalicylic acid, which, in alkaline solution, in 
presence of dextrose or laevulose, is reduced to a red or orange 
compound, the sucrose present remaining unchanged. Two solu- 
tions are employed in this test, one containing the dinitrosalicylic 
acid and sodium carbonate and the other a 4^ solution of sodium 
hydroxide. The operations of reducing the dinitrosalicylic acid and 
of matching the colour in a graduated colorimeter tube against a 
blank ” prepared from chemically pure sugar free from invert, 
must be carried out under unvarying conditions . The maimer of test, 
as described by Kolthoff, is veiy simple, and it is stated that, pro- 
vided the conditions which he stipulates are adhered to, tlie method 
is preferable to any volumetric one and gives accurate results. 
Jhtermination of Ash . — ^The work during the past year confirmi 
1923, 143t. , 

” Ann. Repte., 1921, 6, 437 ; J., 1921, 315a. 

” Archief Suilcerind. Nederl.-Indie, 1922, 30, 867. 
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what has been clearly established in f#rmer years/* particularly 
with regard to th^ fdctor to be employed in correcting a sulphated 
ash. For long it has been recognised that the 0-9 factor is in- 
accurate, but considerable varMons from iMs figure make it 
difficult to determine a more exact one. For example, Y. L. Pjn 
and J. R. Withrow, incinerating at 500° C.* consider 0*65 to be the 
suita^e factor;, A. Bro3ie and J. M. Reynolds,’® as the result of the 
examination of 250 samples in Hawaii, find an average figure of 0*79, 
U. S. Jamison and J. R. Withrow” suggest 0-66, while H. A. Cook’s 
considers it impossible to recommend any definite factor for raw 
sugar. This latter chemist suggests 0*75 as the factor applicable to 
molasses, while J. F Brer :^ter’s’® figure would be 0-81 for molasses 
and O’ 84 for syrup. It seems, therefore, as if this question might 
be considered one of several equally ripe for settlement by an Inter- 
national Commission of Sugar Chemists. There appears to be 
general agreement that silica dishes ^vo results that are too low, 
and Whaley finds nickel dishes, for direct incineration, superior to 
silica and more rapid than when platinum dishes are used, and 
the results quite as accurate. 8® Jamison and Withrow®^ made a 
number of experiments in porcelain crucibles ; as compared 
with platmum ones, identical results wore obtained in both direct 
incineration and sulphating methods. 

Determination of Hydrogen-ion Concentration, — ^The extent of 
chemical control in sugar production has this year been widened by 
a greater recognition of the importance of hydrogen-ion concen- 
tration, at difierent stages of the process. In the brewing industry, 
and for water purification,®® the determination of the factor has 
bgen of value, and it is only natural that sugar chemists^ should 
ascertain its significance in sugar manufacture. Consequently, 
beginning in the com syrup industry, its application has spread 
throughout. Investigators are agreed that indicators selected by 
Clark and Lubs give satisfactory results. 

The work of Brewster and Raines®* and that of J . Beobide in this 
field has been directed toward the control of the liming of the raw 
juice. The application is simple and the colours obtained cm 
testing with the appropriate indicator are controlled by “ b^er 
solutions of graduated pu values. If it be determined, for example# 

Ann. Repta.t 1918, 8, 114. 

Facts ahovi Suga/Tj 1923, 16, 276. 

Intern. Sugar J., 1923, 25, 102. 

” Ind. iJng. Chem., 14)23, 15, J86 ; J., 1923, 414a, 667a. 

Facts about Sugar, 1922, 15, 418 ; J., 1923, 283a. • 
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that a good clarification hus been obtained with a titratable acidity 
of 0*25-0*5 c.c. normal per 100 c.c. of juice, with^phenplphthalein as 
indicator, this would bo equivalent to pn 7. The colour which most 
nearly corresponds to this vaVue is bromocresol purple, which 
ir^dicates a value of 5*2-6*8, and this indicator gives a sharper 
and more satisfactory' end reaction than phenolphthalein. Thus, 
by experience in working with these indicators, ^ more*" exact 
determination of the dissociated acid is possible than 'by only 
testing with litmus or phenolphthalein papers. What is of value 
in the raw factory is also applicable to the refinery, and H. Z. 
Perkins®® has reviewed the limits of hydrogen-ion concentration at 
the various stages in refining w*herc control is most needed, viz., at 
washing-plant, blow-up tanks, and sweet water evaporators. 
Generally speaking, the degrees of ionisation within which safe 
working is possible lie between pn 4-0 and C-8. 

No doubt these preliminary investigations in this section of 
control will be subject to review later, in the light of further 
experience, but meantime this mode of assessing reactions as those 
signify in sugar manufacture, offers to the scientific worker in factory 
or laboratory, a better medium of expression than has hitherto 
been available. It seems somewhat incongruous, however, to state 
that notwithstanding the possibility of accurate methods of chemical 
control, reports have come,®® during the year, from different parts 
bf the sugar world indicating that the more elementary and basic 
principles upon which sugar maiuifacturo depends are not always 
fully recognised or practised. 

Chemical Control liesidts . — ^The Java control figures for the crop 
of 192J, issued by the Chemical Department of the Java Sugar 
Experiment Station, and epitomised by H. C. Prinsen Geerligs,®’ 
are always instructive as showing the progress possible with 
scientific management. A comparison between these figures and 
similar ones obtained in Hawaii for 1922 season and compiled by 
E. T. Westly®® is of considerable interest — 


Can©— • 

Java. 

Hawaii. 

Sucrose 

.. 12-87 

12-07 

Fibre 

.. 13-19 

12-9^ 

Bagasse — 

Sucrose extraction by mills. . 

. . 92-9 

96-98 

Purity in raw juice . . 

84-6 

86-84 

Purity of final molasses 

. . 32-0 

38-75 

Lost in bagasse on 100 — sucrose 

in cone 

. 0 7-07 

• 3-02 

Undetermined loss on 100 — sucrose 

in cane 

. . 2-26 

1-27 


^\Xntern. Sugar J., 1923, 26, 368; J., 1Q23, 1191a. 

«« Ibid., 1923, 25, 85, 409 ; Facta about Sugar, 192^3, ^7, 40. 
« Ibid., 1923, 25, 296. 

Sugar News, 1926, 4, 177. 
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Commenting upon the Java figures, Gfcerligs thinks it is a matter 
for congratutitioi^tlM the purity of the final molasses is the lowest 
on the Java statistics, and when it is remembered that this is an 
average figure representing the tvork of 182 » factories, it is an 
evidence of excellent work. 

Westly is of opinion Jhat the factor abo^^ all others determinfng 
good work j« high purity in the jifice delivered to the mill, a 
condition which most cane growers are doubtless endeavouring to 
obtain. In this connexion it ...hould be said that the ordinarily 
accepted formula for calculathig mill extractions, viz., sucrose in 
the juice per cent, of sucrose in the cane, does not fully measure the 
efficiency of the operatic.-., on account of the influence of certain 
inherent conditions beyond the control of the mill management. 
These factors are thj fibre in the cane, the sucrose in the cane, and 
the ])urity of the juie'^. E. W. Kopke®^ has frequently advocated 
the substitution of fixed constants for these vaiiable elements, in 
order that a formula might be obtained, from which could be 
calculated the milling efficiency based on the extraction which 
would have resulted had the cane and juice been of standard or 
“ constant ” quality, or, in other words, the ratio of “ accomplish- 
ment to possibility.” A similar argument has been applied to the 
work of the boiling station. There is much force and logic in the 
contention, but the difficulty would be in the general acceptance of 
the proposal by Control Stations whose records, for a considerable 
number of years, have been based on the customary formulse, 

STARCHES AND GUMS. 

Starches . — There docs not appear to be very much of particula 
interest to report in this department of the carbohydrate mdustry. 

In the manufacture and preparation of starch from grain o 
tubers, a process has been patented by A. Boidin and J. Effront® 
by which, it is claimed, the bacterial method of digesting th< 
proteins of crude starches and amylaceous substances is improved 
The ^materials treated are subjected to an acid fermentation whicl 
causes the nitrogenous matters to pass into solution, the ren^ainde] 
being used for making starch. In the course of the fermentation | 
special spored microbe is produced which may bo isolated anc 
utilised with advantage in the process. 

In the jndustrial use of starch, a series of experiments has beer 
conducted by J. Huebner anJ V. Malwm®^ on the effect of metallic 
salts of starch and of soap upon the tensile and ripping strain oi 
cotton. As j-egards starch, these investigators found that th( 

»» Sugar News^^dii, 2, 577 ; 1923, 4, lOS. 

*®E.P. 171,991. 
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ripping strain is increased in the air-dry condition, and after drying 
at 100° C. respectively, but drying the cotton ‘■atrl20°^. brmgs the 
value back to normal. 

As regards analytical data an'd research on the nature of starch^ 
it ^ will suffice to quote the following ; A. R. Ling and W. J. 
Price® have extended their method for the, determination of ^tarch 
in barleys and wheats, previously described,®® to the jietermination 
of starch in potatoes. A series of similar tests was carried out and 
the curve for potato starch was found to be almost parallel with 
that obtained with barley starch, under standard conditions of 
hydrolysis with extracts of malt having different diastatic power, 
the only difference being that a larger amount of apparent maltose 
is pfoduced in the case of potato starch. A comparison of twelve 
different methods for determining starch in flour and brans has 
been made by K. Alpors and H. Ziegenspeck.®* ** All the methods 
are considered to suffer from disadvantages and some to give 
inaccurate results. The polarisation methods of Lintner and 
Belschner®® and of Evers®® are recommended for their simplicity, 
but the possible error in polarimetric methods is stated to be more 
than 3%. 

With the view of ascertaining the conditions which exist when 
starch solution is added to a weak solution of iodine in chloroform, 
with and without the addition of potassium iodide, J. B. Eirth and 
P. S. Watson®’ have carried out an instructive series of experiments. 
They have found that starch solutions will give an immediate blue 
coloration with iodine solutions in chloroform for concentrations 
higher than NJK^OO, and that a small amount of potassium iodide 
(0*192 g, per'' litre) increases considerably the amount of iodine 
transferred to the starch solution. In titrating a solution of iodine 
in chloroform, in contact with starch^ solution, with a solution of 
sodium thiosulphate, the starch solution is the first to be decolorised, 
whereas, in the presence of potassium iodide, the chloroform is the 
first to be decolorised. 

A study of the paste characteristics of com starches, particularly 
thin-boiling starches with varying amounts of alkali, has J)een 
made by C. E. G. Porst and M.Moskowitz®® using the Bingham-Green 
piastometer.®® Addition of alkali m processing thin-boiling 
starches gives firmer pastes until the starch is nearly neutral. 
Further increases of alkalinity causes the starch paste to be weaker, 

*2 J. Inst. Brew., 1923, 29, 732 ; J., 192?, 1037 A» 

Ann. Repts\, 1922, 7, 428 ; J., 1923, 48t. 

Z. Untera. Nakr. Qmuasm., 1923, 45, 163 ; J., 1923, 903a. 

J., 1907, 281. 

** J., 1908, 238. 

1923, 308t. 

Ind, Eng. Chem., 1923, 15, 166 ; J., 1923, 322a. 
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of smoother consistency and better spraading power, and changes 

4 r-tt-d -a. l«.Utl« H 

non-volatile substance from commercial dextnn. This B^MtanCT^ 
namll dertrinozol, is sjated to be a cycUctester of mynstic ac^ 
and to it the fharacteristic odour of cofnmercial dextrm is said to be 

due. 

10« Ber. de«l>. PUrm. Oex.. 1921. 33. U9 ; J., 1923. 792a. 
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THE FEkMENTAIlON INDUSTEIES. 

•By H. Lloyd 
Consulting Chemist, London. 

Celebrations marking the Centenary of Pasteur s birth were held 
in Paris and Strasbourg during the last week of May, 1923, and 
naturally lead to some thoughts on the progress of the fermentation 
industries since the time of the illustrious pioneer who did so much 
to jaisc them from their former jiosition of empiricism to a place 
among the scientific industries. The brilliant discoveries which 
formed the landmarks in the ordered development of his life-w^ork 
are only a part of the debt which science owes to Pasteur ; they 
form the basis of much of our present knowledge of fermentation 
and disease, but, moni than that, they are the inspiration which 
has guided countless later workers. Horace Brown has testified^ 
to the enthusiasm which his discoveries, opening vistas of fruitful 
investigation in ])lace of the rather sterile dogmas of the opposing 
school, awakened in the minds of workers in the fermentation 
industries. Eased on the conception of the vital importance of 
the activities of micro-organisms, he set the practice of fermenta- 
tion on a sure foundation and his insight v^ent far to indicate the 
direction in which his successors must look for further knowledge 
of its mechanism. He foresaw the discovery of enzymes and was 
alive tg^ the importance of the reaction of the medium in whieh 
micro-organisms lived. Both these conceptions have from year 
to year gained in importance, and the latter is — ^now that finer 
methods for its measurement are a commonjilace — becoming as 
wide in its applications as the all-pervading hydrogen ions are to 
biological processes. 

Looking through the work published during recent years, one 
feels that the conception of the hydrogen ions is fast linking up 
isolated facts in fermentation and enzyme action and formulating 
explanations of many processes which were formerly only carried 
out in quite empirical ways. Not only is it offering explanation, 
but it is serving as the basis of methods for the improvement of 
technical processes. Most ^f these have come from the Continent, 
where the lager beer breweries offer a wider sjlhere for their employ- 
ment than the‘top-fermcntation concerns of this country. In the 
majority of top-fermentation breweries the broad outlines of the 
process are much the same as they were#vhen P^isteur’s ideas began 
to spread and show the reasons which had led brewers to their 
^J. Inat. Brew., 1916 , 22 , 267 . 
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adoption on empirical lines, in man^p places the same plant is 
still in use, Ifit wi^hdut the knowledge of the biology and chemistry 
of these processes gained since Pasteur set investigators in the 
right direction it would have beerf impossible If) modify and adapt 
them to the changed conditions wMch arose in 1914 with 
rapidity and smoothne^« that actually wefe acliieved. 

Coming dt'’!! to a survey of the literature published this year, 
the spread of M. H. Var Laer’s process for the acidification of the 
mash, based ultimately on the 'dew expressed by Pasteur of the 
fundamental importance of the reaction of the medium, is very 
noticeable on the Contii*- it. The idea is by no means new and 
has been carried out for b.any years, generally by the development 
in the mash of lactic acid bacteria either by direct inoculation 
with cultures or by u. rather haphazard process of natural infection. 
Van Laer’s process, is described in many communications to 
Belgian publications and m a paper read before the Institute of 
Browmg,2 is an elegant adaptation of the use of hydrochloric or 
sulphuric acid for the purpose. It is based on a preliminary 
neutralisation of any alkalinity existing in the mashing liquor, 
and afterwards a further addition in the mash tun itself of one of 
these acids until a hydrogen-ion concentration of pu 5-0 to 5*5 
is obtamed in the mash. The reaction aimed at is that which will 
facilitate to the greatest extent the enzymic changes which take 
place in the mash tun and produce wort with a reaction as near a8 
possible to the optimum for the coagulation of proteins in the 
copper and for a pure fermentation, producing beer sufficiently 
acid to resist bacterial infection but not acid enough to cripple 
t^c culture yeast. • ^ 

Van Laer’s paper before the Institute of Brewing was entitled 
“ New Possibilities of Increasing the Brewer’s Extract,” and in it 
he showed the great financial advantages to be gained by the 
adoption of scientific principles in technical operations which 
hitherto had depended on mechanical improvements in mfiling and 
in extraction of the grist by means of mash filters and methods of 
that, kind, to increase extracts. As long ago as 1900 Fembach 
showed 3 that the aci^ivity of amylase and peptase increased ^s the 
point of methyl orange neutrality was reached, and it is weli 
known that the conditions prevailing in the mash tun are far 
from being those most favourable for the optimum activity of the 
enzymes. ^ This is particularly the case if the brewing water be 
alkaline or if largo proportions of malt substitutes be used, for 
either of these conditions will reduce the acidity of the mash and 
remove its reaction quite markedly from the optimum for the 
enzymes. The jidyerse conditions of ihe m''.sh tun are^ more 

» J. Inst. Brew., 1923 , 29 , 202 ; J., 1923 , 468 a . 

“ im., 1900 , 6 , 110 , 632 . 



^8 BEPOETS OF THE PEOQEESS OF ApFLlEO OHEIOBTEY. 

particularly of importance ‘’in connexion with the changes brought 
about by tl^e peptase and their bearing on the production of a 
wort sufficiently rich in yeast foods when alkaline waters or raw 
grain are used. Ihe increased peptonisation leads to greater 
exj^ract, one-third of the increase being due to solubilised nitro- 
genous substances and two-thirds to sugars derived from ^tarch 
which would otherwise have escaped conversion fince^ it was 
em^dded in nitrogen-containing cells which only yield to proteo- 
lysis. The increase of soluble nitr,ogen in the wort may, under 
certain conditions, prove a valid objection to the process, and in 
this country, where the malts arc modified to a greater extent on 
the floor than they are for the majority of lager breweries, the 
disadvantages may outweigh the gain in extract that might be 
possible. Generally, too, with well modified malts, the reaction 
of the mash will be nearer the optimum for the enzymes than is 
usual on the Continent, and to that extent the addition of acid to 
the mash, which would prove an extraordinarily difficult problem 
with the usual English mashing appliances, is less necessary. 
This, however, does not minimise the advantages that may be 
gained when a large percentage of raw grain is used or the liquor 
contains notable quantities of carbonates. The addition of acid, as 
the simplest method of treating such liquors, has indeed been 
practised to a small extent in this country for some time, but the 
work of Van Laer makes the process more exact. 

Experimental results advanced by Van Laer show that, with 
what appear to be under-modified malts, an increase of extract of 
6 or 6 lb. per quarter is obtainable over the extract from fine 
ground ^malt. ‘ These are extremely striking results, and if even a 
quarter of that were realised with well modified material the result 
would be worth the trouble of attaining it. The increase of extract 
obtained by peptonisation and neutralisation of the wort to the 
extent of about two-thirds of its alkalinity to methyl orange, to a 
Ph of 5 to 5-5, is due to an increase in the percentage of maltose 
and of proteoses derived from the proteins rendered soluble. The 
relation of maltose to dextrin is, however, kept within desirable 
limits by adjustment of the masliing heats. The increase in nitrogen 
may amount to 60 or 60%, compared with that of normal worts 
from the same malt. 

In the brewery increased elimination of nitrogen follows much 
the same proportion and deads to q considerably hea^ner crop 
of yeast. The .nitrogen content of the finished beer is not excessive 
and does not overstep the limits generally considered as the 
maximum admissible for a stable beer. The nitrogen figure 
depends on the nature of the malt and the proportion of raw grain, 
and the degree of peptonisation may be made to vary with any 
particular case undei consideration. 
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Van Laer’s work also shows the greaf advantage to the stability 
of the resulilng beer attained by an increase of the frjee acidity of 
the wort. He finds that the optimum for the organisms of 
“ turned ” beer is 6-8, while tliat for the development of yeast 
is Ph 6*0, but any increase of the acidity is far more harmful to Jbe 
development of Sacch8,robacillus pastorianus than of yeast, the 
former Ijeingamcapable of reproduction in worts showing a greater 
free acidity than pn 54. The worts he dealt with were no^ so 
acid as normal English all-malt worts, but the prevalence in English 
beers of the infection referred to is sufficient to show the importance 
of control on the lines he indicates. 

Economic conditions have made a resort to raw grain more and 
more necessary, and much attention has been given to the techfucal 
and scientific aspects of its use, particularly on the Continent. 
In Germany tlu‘ freedom of the mash tun has led to the “ discovery ” 
of the advantages which its employment ofiers, particularly in the 
form of refined grits or pure starch, advantages which have long 
been known and exploited in other parts of Europe and in America. 
Many papers have appeared in the German brewing press, from the 
pen of Windisch and others, on this topic. 

From the experimental brewery at the Berlin Institute E. 
Schonfeld reports^ that improvements have been effected in beers 
brewed from malt and raw grain, so that they are now practically 
equal to all-malt beers, though the latter are still superior for dark 
lager. As the proportion of raw grain is increased an inferiority 
in fullness and flavour manifests itself, and the tendency in Germany, 
on account of the preference of consumers for all-mcit beers, is 
f(?r a smaller use of raw grain when commercial cor aitioii«^ermit. 
The lower percentage of nitrogen in raw gram brews results in 
smaller yeast crops and slower brightening. The paucity of 
proteins and silica in colloidal suspension gives less perfect floccu- 
lation and more powdery yeast ; the various types of yeast also 
lose their marked individual characteristics and become more 
uniform. This tendency of lower gravity beers, particularly when 
chiUtfd and filtered, to come down to a dead level is also marked in 
this country. In Bbrlin they find that even stock cultures are 
affected in the same way, even in the case of specially typical low* 
attenuatii^ top-fermentation yeasts which frequently have to be 
grown in all-malt worts. The non-flocculent form is, on the other 
hand, betfer for assisj^ing thoi keeping (JualLties of raw grain beers 
and does not entail such frequent changes of stock as was formerly 
the case. . The flocculent character can be restored by carefufly 
drying the ydast and using it in that state for pitching. 

A. E. Berry lias ^eviewdd ^ the sources of maize imported int^, 

* Woch. Brau.f 1923, 40, Nos. 42-47. 

» J. InH. Bnw„ 1923, 29 , 219. 
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England, and described tlfe general ouTime of the manufacture of 
flakes giving an indication of the variation in ftxV-acts#produced by 
flakes of varying degrees of thickness. 

The influence of acidity in 'conjunction with alcohol on the 
8tj|bihty of beer has been pointed out also by A. Bamberger.® In 
this case the total, not* the free, acidity ha^ been considered. For 
a beer of 1040 gravity an acidity higher than 0-08 %^f lactic acid 
with an alcohol percentage of 4% are necessary to ensure stability. 
The alcohol is not sufficient in itself to protect the beer from the 
activity of bacteria. 

L. C. Wilson has described^ a simple continuous method for the 
addition of the necessary quantity of acid to the mashing liquor, 
and*gives the results of his experience in the use of mineral acid. 
He finds the treatment very beneficial in preventing bottle haze 
in chilled beer and in causing the sediment of matured beers to 
settle more firmly ni the bottle. Flocculation and settlement of 
sludge on the coolers are also favoured, and the resulting beers are 
sounder. 

In the amiual report of the Lehranstalt at Berlin ® an account is 
given of the investigations of W.WindischandP. Kolbach on acidity 
of the mash. They find that the production of a given degree of 
acidity in the mash entails the addition of far more than the calcu- 
lated quantity of acid ; whereas in the case of worts the results 
dgree with those calculated. In the mash the extra acid is taken 
up by tertiary phosphates in the husk. A very curious finding is 
that the most acid worts furnish the most alkaline beers, thus 
apparently indicating that yeast does not prefer an acid medium 
but thrjj^cs b^st when it has produced the most suitable degree ef 
acidity by its own fermentative activity. 

F. A. Mason ® has shown that the development of the organism 
known as Acetobacier E., which produces ropincss in beer and was 
described last year by P. Hampshire/® is inhibited by the addition 
of lactic acid. 

Starch. 

Discussion of the methods for the increasp of extract in the 
ij^ash tun naturally lead to a consideration of the advances made 
in our knowledge of the constitution of starch and of the changes 
which it undergoes during conversion. Much of the pioneer work 
in this direction was directly derived from a study of mash tun 
changes in the classical work of C. OrSullivSn and H. I*. Brown. 
More recently \he knowledge of the constitution of the carbo- 

® Woch. Braa., 1923, 40, 92. 

'^J. Inst. Brew., 192.3, 29, 568; J., Um, 7«2a. 

8 Woch. Brau., 1923, 40, Nos. 42-47. 

® Bull Bureau Bio-Tech., 1923, 288; J., 1023, 323a. 

»» Ibid., 1922, 199; J*., 1923, 26a. 
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hydrates has been grShtly advanced the researches of J. C. 
Irvine and jais sghdol. By processes of mol hylation Irvine has 
produced stable methoxy compounds of the simpler sugars which 
have served a^ reference substances in his worlf on the constitution 
of the more complex starch, celluloses, and inulin. Starch '^as 
foun^ to be built up enjirely of glucose residues, and as a minimum 
the molecu’ftjinust contain three glucose units arranged in such a 
way that one pair displays the coupling present in maltose, another 
pair having the coupling charneteristic of cellulose. 

Irvine advances some very ' suggestive ideas on the 7 - sugars, 
which throw some light (ui the difficulties encountered in visualising 
the structure of starch c^nd other colloid carbohydrates which may 
in reality be very labile and from their nature impossible to express 
in terms of the erdinary structural formulae. He suggests that 
the stable sugars aro not the forms wliich are nrimarily elaborated 
by plants or disrupted by animals, and the stable laevulose is not 
the laevulose that exists in combination in sucrose or inulin. This 
transient nature of 7 -sugars is not inconsistent with enzyme 
results. Irvine speaks of fleeting glimpses of extraordinarily re- 
active sugars which in the process of artificial isolation rearrange 
themselves. They may, however, represent only a condition of 
the sugar molecule and not a chemical individual. 

A. R. Ling and J). R. Nanji point out^^ that the incomplete 
knowledge of the constitution of starch is largely due to th% 
failure of workers to recognise that starch consists of at least two 
constituents, each of which is attacked by malt diastase giving 
rise to products which are difficult to separate. Starch rrranules 
have long been known to consist of two compCiun^ which 
have been given diflerent names by different workers — starch 
cellulose and granulose, a-amylose and j 8 -amylose, amylo-cellulose 
or amylose and amylo-pectin, the former being completely con- 
verted to maltose by malt diastase and the latter giving a viscous 
paste when heated with water. Potato and arrowroot starch 
consist almost entirely of amylose and amylo-pectin, but other 
starohes, as shown by J). H. P. Clayson and S. B. Schryver^® and 
by S. B. Schryver.and E. M. Thomas, contain hemicejjulose. 
Ling and Nanji find that barley, wheat, and rice starches contaha 
notable quantities of these substances. In wheat, barley, rice, 
and maize starches the ratio of amylose to amylo-pectin is constant, 
namely 2 ^ 1 , but the quantity of hemicellulose may vary widely. 

In 1891 Lintner •discovered isomaltose in wort and beer 
and as a product of the hydrolysis of starch by* malt diastase. 

“ Chem. (Sbc. Trms.^ 1923, 123, 898. 

12 Ibid., 1923, 123 , 2660; i., 1923, 1239a. 

Biochem, ^.71923, 17, 470; J., 1923, 1088a. 

Ibid., 1923, 17, 493; J., 1923. 1088a. 

“ Z. gt8. Brauw., 1891, 284 ; Z. angew. Chem.t >892, 10, 268. 
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Jl^ljsh investigators have generally denied its existence 
accoont of the use in their experiments of diastase |)reparatiana, . 
which hydrolyse both amylose and aniylo-pectiii and the difficulty 
of isolating isomakose except ‘as the osazono. By using dry' 
precipitated barley diastase, which only converts* the amylose, 
lailg and Nanji have been able definitelv to sliow its existence 
among the products of starch conversion oy malt dmstase.* Dry 
precipitated barley diastase produces from starch malfose and 
aj3-hexa-amylose. Amylo-pectin when hydrolysed in presence of 
malt diastase at 55° gives 1 part bf maltose and 2 parts of iso- 
maltose. Isomaltose has {a)j) = 140° and R == 80. Ling and 
Nanji, referring to Irvine’s experiments, point out that he employed 
rice •starch, which may contain as much as 18% of hemicellulose, 
and as ho deals with starch as a homogeneous substance rather 
than a complex of various constituents, it is difficult to interpret 
his results quantitatively. The ultimate products of hydrolysis 
which he obtained from methylated starch were a dimethylglucose 
and 2.3.6-trimethylglucose in the propoition of 2:1. Ling and 
Nanji point out that the major portion of the dimethylglucose 
must have been obtained from the amylose portion of starch, 
whilst the trimethylglucose was derived from the isomaltose unit 
contained in the amylo-pectin. 

The ash of starch consists principally of silica and phosphate ; 
the phosphate is possibly combined as an ester in amylo-pectin, 
and to this is probably to be ascribed the property of forming a 
jelly w^hich is one of the characteristics of amylo-pectin. Ling 
and Nanji succeeded in separating the soluble part of the starch 
granule^amylose, from the insoluble amylo-pectin by keepii^g 
starch paste in a mixture of ice and salt for several hours. From 
the fibrous cotton-wool-like mass which is precipitated the amylose 
may be extracted by washing with water just below the gelatinising 
point of the starch, leaving the amylo-pectin undissolved. Amylo- 
pectin is converted by the action of the diastase of ungerminated 
barley into the a-amylo-dextrin discovered by J. L. Baker in 1902. 
This substance is not a dextrin, but may be regarded as ajS-hexa- 
amyloge. , 

^ Ling and Nanji consider that a-hexa-amylose, which is, accord- 
ing to Pringsheim, the primary amylose of the a-series obtained 
from starch by the action of BaciUus maceranSy is the basal unit 
of amylose, and suggest a cqpstitutional formula for it.^^ A. Pictet 
and R. Jahn^® obtained a trihexdfean, di^inct from* triamyl- 
ose and isotAamylose, by heating starch with glycerol at 
210°, and consider that its formation indicates that, starch is a 
polymer of trihexose groups rather tl^^n a jgolymer of maltose 
anhydride. ' 

Chim. Acta. 1922. 6. 640 : 1922. 871a. 
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On a general review of the iiteratifire, it would appear that 
Starch has i^een^tifjated >y chemists as a substance of 
composition, constitution, and properties, as any other carhoh 
compound of the systematic seif dhe. On this*view organic form, 

^ external structure, and organic iictions are negligible. Simfe 
^ treatment of the cellulose group s to be noted with similar results, 
in the metliojijs adopted both ' inv^tigating constitution and in 
interprefing their data. Ir absence of a critical basis of 
investigation co-ordinate with realities, there has resulted an accu* 
mulation of research on secondary side issues, the records of which 
will disappear froin actual constructive story. This will be 
written in due time upon the comprehensive inclusion of all the . 
factors of the problems presented by these natural substances of 
predominant importance, which are chemical, bio-physical, and, 
above all, industricj] 

Until then, formulae of constitution and configuration are 
merely, or should be, short expressions of the results of destructive 
resolutions of varying intensity, with an indeterminate approxima- 
tion to reality, the degree of approximation being inversely as the 
intensity of the conditions of reaction involved in laboratory 
investigation. Irvine’s fleeting glimpses of the y-sugars may 
have their application with double force to the parent substances. 
It may be that the groups which make up their very complex 
structure are so labile in their combinations that deductions base(f 
upon products of their degradation give fallacious ideas of their 
relations one to the other. 

Enzymes. 

•In a paper on the hydrolysis of starch by salts, W. feiedennann^’ 
brings forward some very striking results. It is generally held 
that enzymic changes are brought about by certain organic colloids, 
which are identified as the enzymes themselves. When it was 
found that in certain cases the presence of another substance was 
needed, this was supposed to be secondary in importance and 
called the co-enzyme or activator. Biedermann has been led to 
attriksute a greater importance to the substance which gives the ^ 
enzyme its specific activity. This applies particularly to certain ^ 
salts. It is notable that the salts are not only indispensable t(f 
activate the enzyme, but that they can alone hydrolyse starch, 
This is the case, for instance, with chlorides, bromides, and nentr^ 
phosphates. The presence qf oxygen ds essential, however, for 
the hydrolysis of starch bjf means of salts. Noy Biedermaiui.> 
points outj what seems the very extraordinary fact, that the othe^ 
constituent erf the complex which constitutes the enzyme, the 
tjtganic coUoid ijdiioh is always thought of as the enzyme its^, , 
cannot attack starch unless it is associated with the salt and witK 
^Bioehem. Z., 1Q23, 186« m; J„ 19p, 620a. 
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oxygen. One is almost driven \o reverse the usual terminology 
and call the organic colloid the co-enzyme.' The hydrolysis by 
salts js very much slower than that by diastase ; it may, however, 
be hastened by mi^^ng certain o’^ganic compounds, such as glycocoU 
oj other amino-acid or albumose, with the salts. With albumose 
the conversion is verj easy, like that with a dilute solution of 
diastase, and this suggests the possibility of preparing artificial 
enzymes. Biedermann considers that the hydrolysis of starch by 
inorganic salts can hardly be simply an action of the ions, because 
there is much greater need for tfee intervention of oxygen with 
salts than with diastase, and also because a much greater con- 
centration of the salt is necessary to hydrolyse starch than when 
associated with diastase, in which case the minutest trace is 
sufficient to activate the reaction. In the complete absence of 
salts diastase cannot act. 

Referring to the tw'o constituents of starch, Biedermann con- 
siders that the amylo-pectin and amylose arc not, as Maquenne 
suggested, in the relation of an outer layer to an inner keniel, but 
are intimately intertwined. A solution of amylose free from amylo- 
pectin may be obtained without difficulty by heating in water. 
Amylo-pectin completely separated from the amylose gives a 
brown colour with iodine. 

It seems probable that the colloidal nature of the amylose plays 
an important part in the hydrolysis by salts. Its solution is a gel 
containing very highly dispersed particles of colloid. The oxygen 
may be adsorbed on these particles and act as an oxidising agent. 
The presence of oxidases in diastase must theiefore be of con- 
siderable importance for the hydrolysis of starch, as the presence 
of oxygen is a factor wliich cannot be overlooked. Very dilute 
amylase solutions may be caused to give conversions arrested at 
dextrins, and this gives support to the idea that the degradation 
of starch goes through two stages, first giving dextrins which 
afterwards give rise to maltose ; in fact, the presence of at least 
two enzymes can be demonstrated. Experiments with salts show 
that the production of maltose is much slower than that of the 
dextrins, and that it does not commence mntil the achromic 
J)omt is reached. In any case, the whole of the amylose is never 
saccharified. 

A parallelism exists also between the action of amylase and 
salts in relation to the reaction of the mec^um. The diydrolysis 
by salts only takes place in a perfectly neutral medium. Bieder- 
mann’s researches have not yet arrived at the point whei^ it can be 
decided whether the action of acid or alkali causes a' modification 
of th^ organic matter which is considered as' th? support of the 
diaetatic activator, or whether it acts by removing certain of the 
ons from the inorganic part of the diastase. 
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H. Pringsheim and W. Puchs have (Jescribed their recent work 
on the activators qlt enzymes/® and distinguish between ‘‘co- 
enzymes,” •v^ich*are found mixed with the enzymes* which they 
activate, and “complements,” which have new biological ration 
with the eni-yfties to which they must be added to cause activity. 
Starch hydrolysis generally stops when .about 78% has b#bi 
converted to maltose, tltough, according to Maquenne, malt extracts 
activated witli acid can completely convert starch. The complete 
hydrolysis of starch to fermentable sugars is of fundamental 
importance in distilleries, and the largest yield of alcohol is obtained 
by mixing the starch conversions, without any boiling, with yeast. 
The present authors that the residuary substances left as the 
result of the degradation of starch by diastase are easily .sac- 
charified by the use together of diastase and yeast which has been 
liquefied by toluene. This yeast they call the “ complement.” 
It has not been dolinitely decided whether maltose is the only 
sugar formed in the diastatic hydrolysis of starch, and the presence 
of maltase in malt would lead to the suggestion that it may not 
be, but the present authors state that maltose is the only sugar 
present, and can be obtained in 100% 3 rields from either ordinary 
or soluble starch by diastase and the complement. Lintner and 
Kirschner showed that dextrin could be transformed to maltose 
by the combined action of amylase and yeast, while taka-diastase 
degrades it to dextrose, but the residuary dextrin of the present 
authors is different from that of Lintner and can be freed from 
all traces of reducing sugars. 

The researches of C. J. Lintner and M. Kirschner^® were directed 
to the determination of the nature of the ultimate dexti in obtained 
by the diastatic conversion of starch and to arrive at a decision iw 
to the existence or otherwise of maltodextrins. They find that 
the final product of hydrolysis by diastase before maltose may be 
represented by the formula (CeHioOsjeHgO, and is identical with 
Lintner and Dull’s achroodextrin 11. They consider that no product 
intermediate to this and maltose exists in purely diastatic con- 
versions ; that is to say, no maltodextrins are formed under these 
conditions. Any intermediate product found in beer must be 
formed by glycase. * * ^ 

The existence of maltase in malt has been much discussed 
L. Maquenne shows®® that malt extract is the seat of a continuom 
transformation which- gradually raises jthe copper-reducing power 
and the same result, d)ut to^ greater degree, occurs in the presence 
of maltose. This is most easily explained by tlte conversion o 
maltose to dextrose, and malt extract must consequently contah 

“Bw., 1923^,* 1762; r, 1923, 868 a. 

angew. Chm.t 1923, 86, 119; J., 1923, 322a. 

Oomptes rend., 1923, 176, 804; 1923, 123dA. 
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maltase. A. R. Ling and,I). R. Nanji^ confirm the existence of 
maltase in malt which has not been too highly dried. Green malt 
contains considerably more maltase than kilned malt, and its 
presence in barley may be demonstrated by allowing ground 
barley to act on gelatinised starch paste, together with a little 
toluene, at 50° for 24 hours. The enzyme cannot be extracted by 
water from barley, and it Is probably rendered soluble during 
germination. The power of the enzyme does not vary directly 
with the diastatic power of the malt as measured on the Lintner 
scale. 

The determination of diastatic power is hedged about with many 
difficulties ; different conditions of experiment and slight differ- 
ences in reaction of the starch solution give rise to discrepancies 
in the results, and a recognition of this has led W. Windisch, 
W. Dietrich, and P. Kolbach^ to propose a method in which the pu 
of the starch solution is maintained constant by the addition of 
a buffer solution of pn = 4-3. The process differs from Lintner ’s 
too in that the diastatic power is measured by the amount of 
maltose extracted from 100 grams of malt determined iodomet- 
rically. 

One of the greatest difficulties in the volumetric method 
for determination of diastatic power has been the recognition of 
the end-point in the titration of the Fehling’s solution, especially 
in artificial light. This difficulty has now been goi over by the 
introduction of methylene blue as an internal indicator. The 
introduction of this indicator by J. H. Lane and L. Eynon^^ for 
use in titrations with Fehling’s solution has wonderfully increased 
the accairacy'and precision of the volumetric determination ri 
reducing sugars, placing it at least on a level with gravimetric 
methods, and to an equal degree it has made the volumetric deter- 
mination of diastatic power more accurate. 

The processes for the determination of diastatic power are not 
however, even with these new methods, made rigidly exact or 
comparable with what occurs in the mash tun. J. Effront showed 
that filter paper absorbs appreciable quantities of diastase soethat 
the solution is appreciably less active after filtration. M. H. Van 
Laer^* finds that the diastatic activity of malt extracts which 
have been clarified by means of a centrifuge is 5% higher than that 
of the same solutions filtered. In the mash tun the enzymes are 
in the presence of large amounts of cpUoidal substances, «and their 
activity cannot^ be considered apart frbm the insoluble substances 
which accompany them. Determinations on amylolytic activity 

“ Biochem. J., 1923, 17, 691 ; J., 1923, 10S9a. 

» Woch. Brau., 1922, 39, 213, 219, 226; J., 1922, tf61ifl 

«»J., 1923, 42, 32t. 

** Petit J. Braes., 1923, 81, 1071. 
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should therefore, to bo strictly Comparable, be carried out under 
conditions similar to those existing in the mash tun. Faber 
observes^® tliat amylase heated in contact with colloidal material 
is not destroyed or enfeebled in th« same mannar as in clear solution. ■ 
It may even*lose its activity temporarily, to regain it later on 
when diffused into the surroundmg liquid, and this may explain 
why prr itice incomplete sacchariftcation is sometimes met with 
in maltb wnoso diastatic power determined by the Lintner method 
seems satisfactory. Certainly the conversion in the mash tun and 
the resulting attenuation of the wort do not always agree with the 
diastase as determined in the usual methods ; nor can this be 
wondered at when the .latuie of the materials the enzyme has to 
act on is compared with the purified starch used in the laboraitory. 
Discrepancies ip the determination may 4lso easily occur through 
the use of differentlv prepared or unsuitable soluble starch. The 
supply must be of constant composition. In this connexion 
A. Reychler^® has given a survey of the many methods which have 
been proposed for its preparation, and suggests a new onq,in which 
an oxidising agent, potassium bichromate or permanganate, is 
used along with the acid. 

The determination of the starch-liquefying function of diastase 
has always proved even more difficult and uncertain than that of 
the saccharifying. W. Windisch, W. Dietrich, and A. Beyer now 
propose” a method based on the liquefaction of amylo-pectin hy 
malt extract. The amylo-pectin is prepared from wheat starch 
and acted upon by the malt extract under specified conditions of 
temperature and pn- The liquid is then filtered and the filtrate 
hydrolysed by hydrochloric acid, the dextrose prftdi oed giving 
a measure of the amylo-pection hydrolysed. The amount of 
starch liquefied by the diastase present in one gram of malt is 
taken as the liquefying power. The liquefying powers of malt 
bear no constant relation to their saccharifying power. 

Yeast and Fermentation. 

Fermentation activators continue to receive a considerable 
amount of attention. In paHicular, several investigator^ have 
studied the so-called “ bios ” of Wilder, but the discussion as to its 
actual existence can hardly be said to have yet arrived at any 
finality, nor does its relationship to the vitamins appear to be 
settled. • • 

Yeast cells in very low concentration lau eiiner te lerment sugar 
or to grow, but T. B. Heaton^® finds that they may be induced to 
• 

*» Brass, et M^., J923, 13| 46. 

Bull. Soc. Uhim. Belg., 1923, 32, 221; J., 1923, 672a. 

” Woch. Brau., 1923, 40, 49, 66, 61, 67; J., 1923, 613a. 
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do so by the addition of “ bios.” ‘^He considers that this substance 
may be a vit,amin and has attempted to measure it by, the rate of 
fermentation. He concludes that the substance which activates 
minimal concentratibns of yeast is a definite chemical entity which 
may be measured fairly satisfactorily by the fermentation to which 
it gives rise, but that it cannot be identified, with vitamin B. 

M. B. MacDonald finds 2 * tW there is an increase^ growth in a 
sucrose mineral salt solution to which extracts of yeast have been 
added. His experiments indicate that yeast synthesises a sub- 
stance which stimulates the growth of the culture to which it has 
been added. Wilder’s “ bios ” is not a vitamin strictly so-called, 
being capable of synthesis by the yeast cell and not an indispensable 
nutnent material for yeast. 

0. Funk and L. Freedman,®® on the other hand, find that yeast 
hardly develops at all in a medium for which the sugar used has 
been first highly purified. They maintain that the factor B is not 
produced by the yeast unless a product containing the stimulating 
substance, called by Funk and Dubin vitamin D, is added. 

E. J. Fulmer and V. E. Nelson®^ examine the statement that 
yeast growth in a culture medium is due to a vitamin in the sugar. 
They effected growth in a medium in which a synthetic sugar, 
” methose,” was used together with salts, making six successive 
sub-cultures ; in these the number of cells increased in the pro- 
. portion of 1 to 100,000,000,000. 

Dealing with maceration juice or expressed yeast juice, H. Haehn 
and H, Schifferdecker find®® that cell-free fermentation is very 
favourably affected by the addition of boiled yeast juice, and they 
conclude that the constituents of the boiled yeast juice concerned 
‘ are protective substances which inhibit the action of enzymes 
* inimical to fermentation, protecting the zymase from endotryptase 
and the co-enzyme from lipase. The yeast from German breweries 
is said to contain more endotryptase than formerly on account of 
the use of raw grain, and in consequence the zymase in maceration 
yeast juice is more rapidly destroyed. This observation seems to 
open up & problem of considerable practical importance/^, and 
suggests another reason for the weakening of "fermentation in raw 
grain worts in addition to those usually recognised. 

H. von Euler and S. Karlsson endeavoured®® to isolate and 
purify the activating substance described by Harden and Young. 
They found that the activity of fermentation varied* with the 
amount of co-elizyme present and that the latter could be separated 

, . *• J. Biol Ckem., 1923, 56, 489; J., 1923, 850a. 

861;./,, 1923,1146a. 

»JWd., 397. 

« Woch. Bmu., 1923, 40, 176, etc.; c/. J., 1923, 860 a. 
physiol Chenf,^ 1922, 128, 90; J., I"®® 



THE ndlllEljTATION ‘ 40 

to a great extent bv dialysis, flbtainftd from an aqueous extract 
of yeast, it tsould be heated to 60 ® C. without much injury. 

J. Orient found®* that many amines activate fermentation in 
dilute solution, but inhibit it at higher stren^hs ; some inhibit it 
at concentrations below that at which the^ activate it. ^ 

E.i<:ndberg prefers®* to ascertain the activating value of extracts 
containing Utamins by determining their percentage content of 
vitamin B rather than by a yeast reproduction method. Water 
will eliminate co-enzyme fron' dried yeast to such an extent that 
dextrose is no longer fermented and auto-fermentation is also 
restricted. 

R. Rigaux showed®* that vitamins have a stimulating action on 
yeast production '^nd act as a nutrient. The effect is more marked 
in a weak than in a strong wort. They are not indispensable to re- 
production or fermentation, as amino-acids could act in a similar 
way ; the yeast would then synthesise its vitamins. 

Animal charcoal has also been found to act as a yeast activator 
by E. Abderhalden, who also shows®’ that the amount of glycerol 
formed in its presence during fermentation is greater than without, 
particularly in absence of air. 

R. Willstatter, J. Graser, and R. Kuhn®® have based a method 
for the isolation of invertase from yeast juice on the observation 
that it is precipitated completely from autolysed yeast juice which 
has been kept for some months. Its activity seems to vary with 
the content of organically combined phosphorus. Willkatter 
also refers®® to an adsorption method for the isolation of invertase 
by which preparations 1600 times as active as tjie yeast from 
which they were prepared have been obtained. The mrertase of 
autolysed yeast is much better adsorbed by alumina or kaolin 
if the solution containing it be first well diluted.*® 

Yeast is generally held in high estimation as a source of 
vitamin B, but C. Kennedy and L. S. Palmer throw doubt** on 
the correctness of this view. They consider that the efficiency of 
yeast in this respect is considerably less than is generally believed, 
but^suggest that the vitamin content of young yeast cells may 
differ widely from Ihat of mature cells. V. G. Heller alsoffinda** 
that the efficiency of dried yeast is lower than that of an equivaks^ 
of fresh yeast, owing to partial destruction during drying, and 

**Bio6hem. Z., 1922, 182, 352;./., 1923.113a. 
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that the vitamin content ol yeast grown in "v^ort is greater than 
in a synthetip medium. He shows that yeast is capC-ble of syn- 
thesising both constituents of \ritamin B, the antineuritic and 
the growth-promoting. < 

Ulie antiscorbutic properties of beer have been believed in for 
many years, and Captain Cook is said to haVe prevented scurvy by 
giving it to his crews. But this evidently applies to sofnething very 
different to modem bright beer, which does not seem to possess 
any of the vitamin properties of yeast. Experiments have been 
made to find how far malt may contain vitamins, or whether any 
that exist in the green malt are destroyed during kilning. B. M. 
van Driel finds by experimenting with guinea-pigs that malt 
dried* below 60° C. contains none. J. Poenaru also found that 
oxen fed on malt soon developed signs of malnutrition which could 
be got over by the addition of chopped straw etc. to their feed. 

A. Tait and L. Fletcher have continued^® their work on the 
development and nutrition of yeast, which was referred to in these 
Reports last year. Their use of malt rootlets as the source of the 
nitrogenous nutrime^it required by the yeast has been criticised, 
and they now advance the evidence which led them to adopt it 
after assuring themselves that there is practically no difference in 
the relative values of the nitrogenous constituents of rootlets and 
iqalt worts as a yeast food. Their investigations bear on the often- 
discussed question of the need for aeration during fermentation. 
They find that worts are sufficiently aerated by standing 48 hours 
to ensure normal yeast reproduction, and continuous aeration did 
not influence ^le rate of reproduction in their experiments. The 
retarding* influence of carbon dioxide referred to by A. Slator is 
confirmed as well as the necessity of removing this during fermen- 
*tation. The lag phase in the early stages of fermentation, they 
find, may be obviated by seeding with active cultures. These 
authors fail to confirm H. T. Brown’s statement that during active 
reproduction the^rate of yeast growth is a linear function of the 
time, and consider that the compound interest law holds good 
* until multiplication ceases, but that the constant of growth rapdly 
decreases as the food supplies dimmish and by-products increase 
There is a marked retardation in the rate of reproduction in presence 
of 0*7% of alcohol together with the carbon dioxide produced ; thu 
is a much lower alcohol percentage than that generally accepted as 
being necessary to bring about retardation. 7n their ex^riments 
the alcohol formed and the yeast multiplication do not foUow the 
same exponential law except in the very early stages of the fermen- 
tation. They show that direct counting ^ves the best criterion foi 
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experiments on yeast reproduction. Tariation in the weight of 
cells during fermentation precludes the use of the weight of final 
crops. The measurement of yeast reproduction and yeast growth 
is not always* the same thing, as is pointed t)ut by A. Slator.*® 
Determined by counting cells, yeast reproduction is found to ce^e 
whei'vthe alcohol content reaches about 3%, but growth continues 
and an inc tase of 20% is often observed when the number has 
reached its maximum. Improved experimental methods in the 
investigation of the behaviour of yeast under anaerobic conditions 
show that absence of air docs not prevent growth, but it is very 
restricted when compos'd with growth in presence of air. With 
small seedings the yeast appears to draw something from the 
medium which allows a certain amount of growth in the entire 
absence of air ; possibly both the yeast and wort may contain 
some substance wh! ju promotes anaerobic growth. A yeast extract 
was indeed found to promote growth under anaerobic conditions, 
but full growth was never obtained. In practical brewing the 
position seems to be as follows. The cells remain quiescent for a 
time before showing buds. Fermentation has then started and the 
saturation of the wort with carbon dioxide is sufficient to prevent 
yeast growth ever attaining its maximum velocity. Lack of air 
and the presence of carbon dioxide slow down the growth, and 
bubbling air through the fermenting wort promotes growth by 
removing carbon dioxide and supplying oxygen to the yeast. Tlfe 
number of yeast cells attains its maximum when the alcohol per- 
centage has reached about 3%, after which they develop in size to 
the extent of about 20%. 

• Many of the subjects already referred to are also'undigi: investi- 
gation at the Versuchs- u. Lehr-anstalt fiir Brauerei, ^rlin, and 
its recently issued Report^’ summarises the work done there during 
the year. The activation of enzymes has been studied in con- 
nexion with the amylase of potatoes, which is found to be incapable 
of saccharifying soluble starch except in the presence of certain 
salts or amino-acids. These substances were themselves found 
to be capable of degrading starch under suitable, conditions, 
H. Wentzell and R». Kolbach •investigated the degree of dispersion 
of barley proteins in malting, mashing, and fermentation. By the 
aid of ultra-filtration they succeeded in tracing from the barley 
extract to the finished beer the proportions of high molecular 
proteins,* albumoses, and aipino-acids -present. 

Notes on other subjects ^ealt with will be found in the appro- 
priate sections of this review. Among them are experiments 
on the acidification of the mash, on the use of raw grain, and on the 
preservative aijd hitter principles of hops. 

«J. Inst. Brew., 1923, 29, 814; J., 1923, 1145a. 
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W. Windisch, W. DietAch, and A. Mehlit^ also describe** and 
discuss the .separation of proteins of different from barley 
by precipitation from the pxtract by means of stannous 
chloride, mercuric ' chloride, ferric acetate, uranyl acetate, and 
n\j»^esium chloride and by fractional ultra-filtration. 


The Institute or Brewing Research ScfaEMif. 

Research workers connected with, the fermentation industries are 
faced with very different problems to those generally met with in 
the more truly chemical industries. In the latter processes and 
methods have been built very largely upon laboratory investiga- 
tionw, and to a certain extent this is true in regard to the newer 
developments in fermentation, but such processes as those of 
brewing and wine-making have, after generations of evolution, 
taken on a more or less stereotyped form, and the schemes of 
organised research which have been set on foot are not directly 
intended to produce new products, nor are they expected to make 
revolutionary changes in methods. There are, however, so many 
unknown quantities in fermentation, in the materials used, or the 
conditions of treatment, that in no industry is research more 
needed. These unknown quantities also involve biological and 
chemical problems of peculiar difficulty ; that connected with the 
Constitution of starch, the most important raw material, has 
already been referred to. Many of the problems that await solution 
can be attacked in the laboratory, but there are others that can 
only be studied on the large scale in breweries. Such experiments 
are veryjcostly, and it speaks well for the enthusiasm of brewe*y 
firms that several are found able and willing to bear the risks and 
cost involved. The Reports issued by the Institute of Brewing 
Research Fund Committee during the year show that a large 
amount of work on a technical scale has been done, and that the 
laboratories which are taking part in the scheme are not behind in 
progress made. * The very complexity of the investigations makes 
progress necessarily rather slow, and perusal of the Reports shows 
how yery essential is close co-opeiation between brewers, agri- 
Qfilturists, chemists, and biologists. Without a practical know- 
ledge of the conditions and results on the large scale laboratory 
research is more than likely to prove of very little value. 

The various schemes of investigatipn are mentioned here more 
or less in the order in which Reports oA them have appeared in the 
Journal of the Institute of Brewing. 

Timber Investigations .*^ — ^These have been carried bn partly in 
the lafipratories of the Imperial College 6f Science rnd Technology, 

« Woch. Bran., 1923, 40. 1, 7, 13, etc.'; J., 1023, 284a. 
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Loiidon, by Miss E.^M. Thomas, undei^the direction of Professor 
S. B. SchryvA, and partly in co-operation with practical men in the 
cooperages of breweries. It had, already been found thaWsatis-^, 
factory timbers were more permeable than unsatisfactory, and that 
the deleterious substances were extracted with greater dif&cujty 
from •the latter during the usual Reasoning processes. It was 
therefore dtcMed to try various treatments with a view to find that 
which would best draw out these flavouring matters, neutralise 
them, or seal them in. In iiys laboratory treatment with alkali 
followed by acid gave promising results, but these hopes were not 
borne out by practical t . ial in the cooperage, and the research has 
not revealed any better method for the treatment of timber than 
those currently used, nor any method of making unsatisfadtory 
timber useful. Some American oak is quite suitable for cask- 
making, and it ha^ been found that suitable timber can be dis- 
tinguished by chemical and physical tests from unsuitable timber, 
but in order to make use of the results obtained to select suitable 
timbers for market they must be studied at the place of origin of 
the wood in connexion with known varieties or kinds of oak. 

Hop Investigations . — ^Two reports of the work carried out under 
the direction of F. L. Pyman, at the Municipal College of Tech- 
nology, Manchester, have been issued during the year by the 
Research Fund Committee. In one of these, on “The nature of 
the preservative principles of hops,”®® T. K. Walker gives a 
brief outline of work which has been done on the preservative 
principles of hops and an indication of the lines on which research 
is desirable. He calls attention to the conclusions of Briant and 
tfeacham and of Chapman that hop tannin has little precipitating 
power on the proteins of wort and has indeed very little significance 
in brewing. As the preservative power is generally considered to , 
be associated with the soft resins, the investigators decided to 
make a close study of these very complex substances, and, by 
means of fractional crystallisation, separate, identify, and determine 
the properties of their constituents. When one considers the 
enorihous difficulties faced in the analysis of resinous masses such .. 
as these, and the possibility tfiat the preservative substanoe^might 
be extracted from the hops in some other way than in assodatioh 
with the resins, if it actually resides in some such crystalline sub- 
stance, as it is suggested, one wonders whether the method 
attempting to extract it from the resinS is really the most direct or 
whether some other way to* attack the hops dkeetjy might not in 
the end bp simpler. 

However T:hat may be, the investigators have succeeded in 
separating fronwthef a- andlS-resins respectively an a-acid, humuloid^, 
^vaiid a j8-aoid, lupulon, which have very considerable interest in that 

} “ J. Inst. B«w., 1923, tl, 878 ; 1928, 786i.. 
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they are only known to ex?ist in the hop, and it seems possible that 
the unique value of the hop in brewing may' be- due« to some con- 
stituents peculiar to it. It is ^therefore proposed to investigate 
these acids very thoroughly to determine their presjervative action 
a:|jd the effect of the hydrogen ion concentration of the wort on 
their solution and surface tension effects, particularly in connexion 
with head-retention. i , 

In Berlin, W. Windisch and P. Kolbach have carried out a 
research®^ on the transformation of hop humulon when boiled in 
aqueous and alcoholic solution, in particular the influence of tem- 
perature, oxygen, and buffering. In the normal range of hydrogen 
ion concentration of wort the transformation of humulon depends 
on the amount of buffer substances present since these increase 
the solubility and therefore the degradation. This explains why 
low-gravity worts require longer boiling or stronger hopping than 
those of higher gravity to obtain the same degree of bitterness in 
the beer. The two degradation products, the a- and ^-resins, 
were determined quantitatively. Experiments on the antiseptic 
properties of humulon and its products, and also in comiexion 
with lupulon, are in progress. 

In the second report on the “ Extraction of humulon and 
lupulon and a new method for the estimation of the soft resins,” 
T, K. Walker points out that none of the present methods for 
the determination of the resins can be considered as accurate ; he 
suggests the use of methyl alcohol as solvent instead of those 
commonly employed, and describes a process in which it is used. 

This laborsvtory investigation is complementary to the cultur^al 
and techfiical trials being carried out at Wye College and the East 
Mailing Research Station and at several breweries. E. S. Salmon 
•• gives an account of the “ Hop investigations, Wye College, 1921 
and 1922 ,”^^ ^iiich shows how very important are the endeavours 
to breed new and improved varieties of hops of high preservative 
value and good, flavour and at the same time immune to disease. 
The trials of the selected seedlings at the East Mailing hop gardens 
are giving most encouraging results. , In the “ Sixth Report on the 
Trial bf New Varieties of Hops,”®* at East Mailing, the same 
investigator describes the results obtained for the season 1922. 
Fifty-five new varieties have now become sufficiently established at 
East Mailing for their distinctive characters to be ascertained. In 
all the classes, early, mid-se^on, and l&Je hops* certain new varieties 
were preferred ‘by the judges to any of the commercial varieties 
grown at the same station. Many of the new varieties also* oroduced 
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higher soft and total resins than the cdhiinercial varieties tested. 
These results itestiiy to the value of the work being carried on at 
Wye and East Mailing, and this is further shown by the desire of 
growers to obt^ sets of certain of these varielJes. 

The growing trials are rounded off by mvestigations into ti>e 
conditions pveming hop-drying. TIjiese are described by A.H. 
Burgess iji hiif^report on the “ Second Season’s Work at the Expe- 
rimental Oast, 1922.”®* The amount and proportions of the soft 
and hard resins did not seem to >/ ary with alterations in the amount 
of sulphur used, with variations of temperature between 50° and 
100° C., or with variation s in air speed. Reek was found to occur 
if the initial temperature rose above 60° C., or if the air-current 
was too great. 

Brewing Trials mih Various Hops . — ^Not the least important of the 
investigations carried out under the auspices of the Institute of 
Brewing are the brewing trials with different varieties of hops that 
have been conducted at several well-known breweries during the 
last three years.®® The brews were devised to determine the com- 
parative brewing value of certain selected hops. The first year’s 
work, with which the present writer was personally connected, 
was carried out at the brewery of Messrs. Barclay, Perkins and Co., 
Ltd,, in London, and had in view a comparison between Tolhurst 
and Golding hops, the former being selected as a hop around whicl^ 
a considerable amount of discussion had arisen ; it has very con- 
siderable attractions from a grower’s point of view, but few from 
a brewer’s. 

J)uring the second and third years the trials wer^ e:vtended to 
several other well-known varieties of hops and carried Out inde- 
pendently at two breweries, Messrs. Barclay’s and Messrs. Mitchells 
and Butler’s, Birmingham, The results obtained were very con- 
cordant and arc particularly valuable from the fact that the brews 
were made under normal trade conditions and with hops from two 
very different seasons’ growth — ^the dry 1921 and, wet 1922. Tol- 
hursts proved very markedly inferior to all the other hops in pre- 
servalive power in all three ygars. The climatic effeefr was most 
marked in the case of the Fuggles, which compared rather T)adlj^ 
with Goldings after a dry year, but were equal to the latter in pre- 
servative power after the wet year. The low preservative power 
of the Tolhursts corresponds with a low percentage of resins; but 
that preservative power is i^cjt measured exactly by ^he soft resin 
content was proved by making brews with different hops, the 
hopping rates being so calculated that in each brew there was the 
same weight of soft resin pjr barrel. The keeping quality of these 
brews varied vdty *gr®^%- ^ preservative property nf the 
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' hops is due to some constituent of the soft resin it would follow thal 
that constituent does not bear a constant rat?o to^«the weight oi 
soft x’esins, and that it must h,e comparatively lacking in the Tol- 
hurst, as that hop^' has an even lower preservative power than its 
Ipw soft resin content would indicate. 

The flavour of hops is a property of equal importance with pre- 
servative power, and these brews brought out sever? 1 points in this 
connexion. The Tolhursts were found to be as lacking in flavour as 
in preservative power, and it wt^s shown how difficult it is to 
determine from hand examination of a hop what flavour it would 
impart to beer. The Goldings were the best example of this. 
Although judged to be hops of delicate aroma, they imparted a 
very clinging bitter to the beer. Another interesting point in regard 
to flavour is the finding that the “ acid ” flavour of beer is not 
measurable by determination of the acidity by titration. 

Neumann in the Lehranstalt Annual Report , states that his expe- 
riments show that the hard y-resin is by no means the worthless 
ingredient generally supposed, its power of imparting bitterness to 
beer being 4, as compared to 10 for the a-resin, and 7 for the /8-resin. 
Its discovery in the finished beer shows that, like the soft resins, 
it is able in part to withstand cooling, fermentation, and storage 
and to contribute to the bitter flavour of the beer. This means 
^that in practice the risk of transforming the soft to hard resins by 
over-long boiling is not so serious as hitherto assumed. Moreover, 
prolonged boiling increases the degree of dispersion of the extrac- 
tives and therefore their flavouring eflect, thus reducing the con- 
sumption of ^expensive material. 

It is interesting to compare these researches on hops with those 
being carried out in France. While in England the main lines of 
research are connected with a determination of the brewing value 
of different varieties and the improvement of existing kinds or the 
introduction of new varieties and with the search for the elusive 
preservative principle, the work of M. and Mme. Moreau in France 
has had in view Jhe discovery of some objective characteristic by 
which the* value of any particular sample of hops could be readily 
detemuned. For this purpose they\)ropose ter utilise the density of 
\he cones. By measuring this property they are able to demon- 
strate the deterioration product by the formation of seeds and 
confirm the Continental procedure of destroying all male plants in the 
hop gardens, though this is quite contrary Jo English experience#,, 
wMch shows that a small development of seed is necessary for^' 
complete development of the cones in this climate. Attention 
also being paid to the raising of new varieties of hops* from seed. ' 

From an agricultural point of view ^ne of ihe^most impQrtant 
sides of investigations on crops is that dealing with the means ^ 

« Woeh. Brau„ 1923 , 40 , 42 , 47 . 
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extbpating pests and breeding immune^ varieties, and when the 
crop is as closely connected as hops or barley with the fermentation 
industries it Becoides equally urgent for them. One of the diffi- 
^ culties encountered at East Mailing was an outbreak of the “ md&aic” 

' disease, and tMs, as it affects the hops, is described by E. S. 
Salmon.®® It appears to belong to the “prus” group, of whiofc 
the coftuacn'' 9 t in this cdlmtry are the.“ mosaic ” and “ leaf curl ” 
diseases ef pdtato. At present full methods of control are not 
available and cannot be hoped for before the exact nature of the 
disease and the maimer of iiicttion are known. These are being 
studied by V. H. Blackman and Miss Lacey. The East Mailing 
trials showed that puUr^g the affected bines early in the season 
was unsuccessful as a treatment; they, however, suggested the 
very curious possibility that certain varieties of hops, e.g., M45, 
though themselves immune, may act as carriers. Experience in the 
East Mailing Gardens seems to indicate that Fuggles are resistant. 
The identification of three hop diseases, apparently new to this 
country, is an indication of the constant watchfulness required to 
prevent the spread among crops of pests imported from abroad. 
These are the so-called “ downy mildew,” which has been brought 
from America or Japan, and is a potential danger to the hop crop. 
The other two are “ hop leaf spot,” caused by a Cercospora Ifitherto 
unknown, and “hop drop,” which is liable to attack the bines 
after cold or wet, when the plants are in a weak state, causing the 
cones to fall off. These diseases are under investigation by E. S. 
Salmon and H. Wormald.®® 

A very urgent problem is presented by the devastating effect 
tljat “ smut ” sometimes has on barley fields. It is so .idespread 
that it is difficult to find seed entirely free from infectioif; and the 
discovery of some perfectly satisfactory method of disinfection ig 
needed. The older pickling treatment with copper sulphate is now 
generally discredited, and a sprinkle wdth formaldehyde is recom- 
mended by E.S. Salmon and H. Wormald.®® T.Bokomy, however, 
proposes a short immersion in a very dilute boding solution of 
copper sulphate. 

Barley . — ^In no direction are«the interest and close cb-operiitioj 3 
of agriculturists in the researches of the Institute of Brewing morj 
marked than in those connected with barley. It is recognis^ how 
closely brewring and agriculture are linked in these investigations, 
and nothijig can make more surely for ^he prosperity of agriculture 
than that the farmed should*be informed clearly and distinctly d 

what the consumer of his products wants. The brewing industr] 
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is eager to increase if possible tke proportion of materials available 
from British soils, and men eminent in the#8cience of agriculture 
are co-opemting in this direction. Among the^n th*e name of Sir 
Johif Russell staigds out as chairman of the Barley Research 
Committee, which has issued a report on the fir^ year’s work.®^ 
Ifader the title of the,“ Influence of Soil, Season, and Manuring on 
the Quahty of Barley,” it sets out the fesults which ha\^ been 
obtained after a most difficult season, chmaticafiy, for barley 
growing. It describes the variation in the crops from Plumage 
Archer seed grown at thirteen selected farms in various barley- 
growing districts of the country on five plots in each case treated 
with a series of artificial manures so made up as to determine the 
individual effect of each component. The complete fertiliser has 
increased the yield at each farm, but no very definite results have 
yet arisen from the manures in which one constituent was omitted, 
nor was that to be expected after one season’s trials only, par- 
ticularly when the season was so difficult. It is expected, however, 
that further years’ investigations will show the value of the different 
ingredients under various conditions of soil, so that the farmer may 
be much more definitely advised than at present what types of manure 
to use. In general an increase of nitrogen in the manure resulted 
in poorer barley, but the quahty of the crop was determined to a 
much greater extent by regional factors, conditions of soil, 
phmate, etc. 

The possibility of developing new varieties of barley, better 
suited than the present sorts to the maltster, the brewer, and the 
farmer, is being investigated at the National Institute of Agricul- 
tural Botany at Cambridge and elsewhere. The Department ^of 
Agriculture and Technical Instruction for Ireland reports on the 
work of the Seed Propagation Department for 1922 in connexion 
with new varieties of barley in large- and small-scale experiments. 
Excellent crosses between Archer and Spratt and Archer and 
Goldthorpe have been obtained. In particular the “ Spratt- Archer ’ ’ 
has proved itsejf to be a considerable advance on Archer in both 
yield and quaHtyt Research with a similar end in view is being 
conducted*in France,®* while at Dajilem, Berlm, one object of the 
|rials‘is to find out what effect nitrogenous 'manuring in known 
amounts had on eight different races of barley. 

Damp malts have for long been considered by English brewers 
as most detrimental to the quality of the resulting beer ; but on 
the Continent and in the production lager beer generaUy a much 
higher degree t)f moisture is tolerated. W. Windis^h considers 
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that moisture per $e is not detrin!iBntal,^but during storage it will 
bring about spontaneously changes which completely alter the 
characteristic? of fhe malt and lead to the production of beer of 
^ reduced stability and quality. Re-drying is not^. cure, as it cannot 
restore qualities whiclk have been lost during the defective storage, 
during which its diastatic activities have be«n re-awakened. M. H. 
Van Latr prmts out tAat in some lightly kilned malts there may 
be 40 — 50% variation in the power of germination. During storage 
in a damp state proteolytic changes may therefore take place 
leading to the production of aumo-acids, which are basic as well 
as acidic, and may bring the reaction of the wort produced from the 
malt nearer to the neuti’ J point. The diastatic activity of these 
malts is reduced and they are much more sensitive to any unfavour- 
able conditions in f^e mash. It appears to be above all the diastase 
of the malt which snffers during defective storage. 

H. M. Lancaster®’ states that his experience has led him 
to the conclusion that the conditions that make for the pro- 
duction of a diastatic malt from any barley are almost wholly 
decided by the character of the barley, and that the modifications 
that can be made by the malting process are small. If a barley of 
deficient diastatic potentiality is being dealt with, care must be 
exercised in the matter of kiln heats, and consequently the last 
1 — 2% of moisture is not easy to expel. 


Proposed National Institute of Industrial 
Micro-biology. 

^11 the schemes of research set on foot under the auspu^es of the 
Institute of Brewing Research Committee have a directly l^echnical 
object connected with the brewing industry and with agriculture, 
and are concerned with a small part only of the problems which 
await solution in the domain of fermentation: Exhaustive study 
of these problems with satisfactory co-ordination of the various 
interests concerned would seem to be possible only through the 
formation of a central independent institute devoted to research 
and with facilities f§r the provision of specialised traiiling. The 
establishment of such a National Institute of Industrial S[ioro-» 
biology was strongly advocated by A. Chaston Chapman at a joint 
meeting of the Biochemical Society and the London Section of the 
Society of Chemical Industry.®® Contributions to the discussion by 
leaders in the various depar|)fiients of tke science of fermentation 
showed how wide was the field which awaited e:^loration, and 
what greafb advances in industrial chemistry might follow from 
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organised study of the activities of micro-organisms. The pro- 
duction of glycerol, aldehyde, citric and pjTuvic acids, acetone, 
and butyl alcohol either from starch or cellulose was mentioned to 
exemplify what is feeing done, but owing to the lack of co-ordination 
in research a combined attack on any of the big problems calling 
for solution was rendered very difficult. Sir William Pope sup- 
ported the plea for the foundation of such an Institute in the 
assurance that closer application to the study oi tho chemical 
activities of micro-organisms would lead to results of the utmost 
scientific and technological impoM^ance ; it is indeed difficult to 
name one industry dealing with animal or vegetable products 
which is not intimately dependent on enzyme action and in which 
the nature of that enzyme activity has been sufficiently studied 
from the chemical side. 

F. G. Hopkins suggested that if the permeability of the cell were 
modified, and if a greater number of species were utilised, the 
variety of products would be greatly increased, and A. Harden 
referred to the possibility of using dead instead of living micro- 
organisms, thereby greatly simplifying the operations involved. 
In agriculture micro-organisms are of the greatest importance, and 
Sir John Russell instanced ensilage and the breaking down of straw 
by bacterial action for the production of methane, hydrogen, or 
artificial manure. 

Ultra-violet Radiations. 

For some years the beneficial effect of ultra-violet rays on yeast 
has been made use of at the Peroni Brewery, Rome, but unfavour- 
able results have been obtained by some experimenters. To a 
large extent ^hese unsatisfactory results seem to have been obtamed 
through the use of yeast which had become altogether too feeble 
for satisfactory fermentation. Such yeast would be almost 
certainly killed rather than regenerated by the application of ultra- 
violet radiation, just as the unprotected bacteria are killed in 
Topley, Barnard, and Wilson’s method®® for obtaining pure growths 
from a single cell in bacterial cultures. The action of the rays is 
comparable to that of antiseptics. Applied to pitching yeast in a 
correct manner, it decides a selection, the weaker cells being 
^destroyed while the more vigorous survive with even increased 
activity. P. Lindner confirmed’® de Fazi’s results on the accelera- 
tion of fermentation under the action of the rays, but pointed out 
that treated in thin layers and at rest the death of th§ yeast was 
likely to occur. A. Fembach’^ has«therefOre re-investigated the 
whole question at de Fazi’^ desire. The experiments on which the 
practical application of ultra-violet rays are based have beeii* 
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repeated at the Pasteur Institute^ Parian and proved so successful 
in showing tb^ incjeafted activity of the treated yeast that practical 
trials were decided on and carried out at the Brasserie des Iktpulin- 
, eaux, Paris. TJie procedure at thS brewery wAs to mix the yeast 
to be treated with wort and cause it to run by means of a pump^ 
a thin^stream over a plcijje beneath a quart:^ mercury vapour lamp. 
The treated j^east was then used for *pitching and gave uniformly 
better results than tho^e obtained in a control fermentation with 
untreated yeast. Attenuation nras increased, the head on the 
fermenting vessel and the foam on the finished beer were improved, 
and there was a me re or ]f>ss marked difference in flavour in favour 
of the treated yeast. \iie yeast cells also appeared to be more 
healthy when examined under the microscope, and in practice they 
retained through several generations the increased activity im- 
parted to them. L Pincussen finds that diastase loses its activity 
on exposure to ultra-violet light, and that the destruction is 
greatest at pn 4-6, the optimum for diastatic activity. 

Reference has just been made to increased attenuation as an 
indication of the improvement of yeast ; the importance of a 
sufficient fermentation and its bearing on the stability of beer is 
very generally recognised and was emphasised in a paper by C. G. * 
Matthews,’^ with special reference to the stability of summer 
brewings. Sometimes it is difficult to apportion the blame for 
defective fermentations between materials and yeast. Windisch* 
considers that there was some justification for supposing that the 
chmatic conditions of 1921 were largely responsible for the frequent 
boiling fermentations noticed in worts made from that year’s 
brfl’leys. Kropff also reports an instance of boiling *fei mentation 
which could be attributed to the malt alone. But in other cases 
change of yeast produced bad fermentations and defective attenua- 
tion from malts which had previously given, normal results. In 
this case, however, the criticism might be offered that the defective 
fermentations were really due to decrease in the enzymic activity 
of the malt on storage. Windisch refers to oomplsjipts of insufficient 
primary fermentation with the malts made from 1922 barleys, and 
suggests that an explanation is*to be found in incomplete de^ada- 
tion of proteins and a consequent coating of the yeast cells with* 
minute particles which prevent transfusion. The low wort acidity 
from these particular barleys may be supposed to be the cause of 
the low proteolytic acjbivity. ,G. M. Johnson attributes the poor 
attenuations which have beedme more common of repent years to a 

selective faction on the yeast through its continued use in low- 

• 
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gravity worts. The strofxgly attenuative yeasts have been gra- 
.dually eliminated, and those yeasts best adapted t#> low-gravity 
worta and which produce little alcohol have become predominant. 
This selection of the less attenuative yeasts has als 9 , been favoured 
bj- the rapid fermentations generally used. The yeast which is 
thrown up most rapidlj^ is that which attenuates to a lesser ^egree, 
and this has in many cases *been tahen for pitching Yeast dege- 
neration was felt most acutely in Germany during the war, when 
of necessity the worts were exceetogly weak. H. Dietsche states 
that a sudden change took place in the appearance of the yea?t ; it 
became black or grey, and had a very bitter flavour. He attributes 
the degeneration to the formation of a film of impurities on the 
cellk with consequent prevention of the normal diffusion. In 
normal worts fermentation is sufficiently active to clean the cells 
naturally, and sufficient alcohol is formed to precipit.ate substances 
which otherwise would remain in a colloidal condition. P. Petit’® 
discusses very fully the causes of and remedies for sluggish fer- 
mentations, and gives a method for removing- these adhering 
colloidal films. Abnormalities of this kind were rather prevalent 
with worts from the 1922 barley malts. 

' Quite a number of very useful papers on practical subjects have 
appeared during the year in the Journal of the Institute of Brewing 
and other Journals ; among them reference may be made to a few. 

“ Carbonated Beer,” by H. Abbot,” and also a scries by the same 
author which has appeared in the Brewers'* Journal, on a subject 
which the author characterises as unpopular, form a very com- 
prehensive set of articles on a method of dealing with beer that is 
gradually gaming ground in this country for top-fermentatfbn 
beers, as it had previously done in America for lager, and is doing 
at present on the Continent both for top- and bottom-fermentation. 
The appearance of Jbeer is fast becoming a point of the highest 
importance in its manufacture, and there is no doubt chilling and 
carbonating well carried out lead to great improvements. There are 
several methods ^of chilling, and three of the most frequently 
employed systems are described’® by A. Hadley, “Quick and'Semi- 
quickr Chilling ” ; P. K. Le May,* “The Slow Chilling Process — 
\^aturation and Chilling in Tank” ; and “ Slow Chilling — ^Matura- 
tion and Chilling in Cask,” by H. Abbot. If appearance is gained : 
by these chilling processes, they do not produce a beer that is veiy ' 
stable in bottle. Up to the present pasteurigation seenrs to be ^ 
only certain n^ethod which will prodifce a stable beer of this^WCT, 
The various methods of pasteurisation are described l\y 
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and pasteurisation, together with the processes for the removal 
of the nitrog(»ious#sul3stances which are so inimical to ^stability, in 
a paper on the “ Principles and Practice of Bottling,” by fl. L. 
Hind.®® Head^ormation is one of the most important properties 
which go to make the perfect beer, and one of the chief factors^ 
it is tjie carbonic acid ^jontent of beer, wffich is the subject of a 
paper by J. Baker and H. F. F. Hulton,®^ in which a method for 
determining the carbon dioxide in beer is described, together with 
the results of their determine.^* of the change of carbon dioxide 
content during brewing and delivery of beer in tank to the retailer. 
The effect on the pala+ >f decreasing saturation with gas is very 
marked, but the presence of gas is only one of the factors which 
goes towards the formation of head. Head-retention is eqifally 
important, and this subject has been discussed by the same 
authors, who have lealt very fully with the published literature 
in a valuable contribution which will serve as the basis for much 
further research on a subject which is as yet far from fully worked 
out. H. Freundlich®® states that head-retention depends firstly 
on the colloids which permit of the formation of bubbles through 
lowering of the surface tension of the beer, and secondly on those 
that accumulate at the surface and render the walls of the bubbles* 
viscous and tough, so that they do not readily collapse. W. Seott®^ 
has made a very notable advance in providing a means by which 
the head may be retained in cask beer when sent out for^slow 
draught. It is based on keeping the cask, filled under pressure, 
with the bung underneath, so that no gas can escape round the 
shive, and providing a special tap for withdrawing beer rtijuired. 

•Several papers on the 1922 season's barleys have Ippoared, and 
they should prove very useful in future years as a reference to the 
effect of a bad season on the crop and as a guide to malting and 
their subsequent treatment when similar wet years come round 
again. Those read before the Institute of Brewing were by H. M. 
Chubb and C. E. Sutcliffe,®® and by J. Stewart.®® W. Windisch®’ 
deals more fully with the worts and beers produced, and records 
the lower acidity of worts produced and the consequent importance 
of precautions to increase ttiis when similar conditions, arise. 
Infection in the brewery has been dealt with by M. H. Van Laer,® 
and in regard to sarcina by H. Heron in a paper ®® in which he 
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describes very serious infection by Pediococcus in two breweries 
and the methods by which he was able to idefitify it 9nd ultimately 
overcome tfio trouble. 

The elimination* of waste is one of the subject? of highest im- 
p(>rtance in all manufacturing concerns. The means by which it 
should be kept down ^o the lowest possib^ie limit in brewerjes was 
the subject of a paper by W. A. Riley.®** One sowce of waste is 
the liquor pressed from grains previous to drying. Attention has 
been drawn to the value of this Jiquor by H. E. Dryden,®^ who 
also discusses the quantity of oil in the mash and in grains. 

How far waste could be saved by the use of the centrifuge it is 
difficult at present to say. An article ®^ by L. Pierre on the different 
types of centrifuges and the selection of the most suitable in any 
special case is very useful in this connection. 

'‘Brewing Waters”®^ is the title of a very useful book by C. A. 
Warren, dealing with the constitution of brewing waters and their 
treatment. The author draws attention to the value of magnesium 
salts in brewing waters- -a consideration that is frequently over- 
looked. 

A third edition of A. Harden’s “Alcoholic Fermentation”®^ has 
appeared and testifies to the popularity of this volume of the series 
of monographs on Biochemistry. 

• “The Action of Alcohol on Man,®** by E. H. Starling, is a critical 
scientific study of a subject which provides the raison d'etre for the 
existence of the fermentation industries so far as they are concerned 
with beverages, and is a book of such authority that it must remain 
a standard w^rk of reference in this connexion. „ 

The tintometer has from its convenience and simplicity become 
the standard instrument for determining colour in brcwuig labora- 
tories, but it has several defects which lead to discrepancies in 
measurement under diverse conditions. These largely depend on 
the fact that the glasses do not represent even approximately pure 
spectrum colours, and though a perfect match be obtained under 
definite condition^ of light and concentration, it will cease to paatch 
if the.source of light be changed oi the depth of solution varied, 
ffhis defect is particularly marked in places liable to fog, and the 
introduction of artificial illuminants with which sulliciently accurate 
and constant results may be obtained is very helpful. N. C. 
Beetlestone rlescribei^ ®® how an electric globe may be ,psed willi 
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very satisfactory results, and slicAvs thg/t they compare very well 
with dayligh| determinations except with low colours, when the 
electric light gives readings 0*5° higher. The whole subject of 
, colour determination is very ablj* discussed l^y H. R. Prdfcter,®^ 
and a simphfiM accurate method for the determination of the 
colour of brown solutions described. • • 

On^ oi th less gcnertilly appreciat»cd difficulties encountered in 
bottling, and particularly with pasteurised beer, is the precipitation 
of proteins by electrolytes dissolved from the bottle glass, which 
results in reduced stability aiAi production of haze. A. Disez 
considers that it is due ‘ , negatively charged colloidal silicic acid 
from the glass. He recoi.» mends the use of hot dilute hydrochloric 
acid in the preliminary soaking of the bottles as a precaution.^ 

It is sometimes necessary to prepare dried yeast for pitching 
purposes, and difficuhy is encountered in the hability to autolysis. 
This has been got over by J. Raux and E. Bloch in a new process 
in which the yeast is more rapidly dried by using plates of plaster 
of Paris, The product has a weight about 30% of that of the cor- 
responding pressed yeast, and will maintain its fermenting power 
for at least two years. 

In this country the mash filter has not made great headway, 
possibly one explanation being found in the fact that malt mills 
as generally made are not perfectly adapted to that process, and in 
consequence trials with the grists j^roduced by unsuitable mill^ 
have led to rather disa]ipointing results. The technique of mash- 
filter brewing and the adjustments required in the milling and 
actual mashing conditions arc fully described by J. Raux^®® in a 
vgiy that should prove very useful to intending users^f (ho hi ter. 

The production of n-butyl alcohol and acetone by fefmentation 
of carbohydrate material is a comparatively new industry, and 
hitherto not much attention has been given to the recovery of the* 
gaseous products of the process. How important it is to consider 
these products may be gathered from the statement of E. W. Blair, 
T. S. Wheeler, and J. Reilly that from 30 tons ^f maize as much 
as 295,000 cubic feet of gas is evolved in 36 hour®, and they describe 
a method whereby §0,000 cubic feet of pure hydrogen dr even more 
can be obtained from it. 

Plant and Pkocesses. 

The possibilities of filtration on a, technical scale have been 
enormously increaseJi by rf. S. Hele-Shaw’s introd.iction of the 

” 73t. 
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“stream-line filter.’* It disjfenses entirely with pulp or any 
other material through which the liquid to <be^ filtered is passed, 
and makes 'use of sheets of impervious paper packed together 
under pressure and held in a* suitable casing. The sheets are , 
pierced with two sets of holes formmg a series of tubes through the 
pick. The liquid to be filtered enters through one set of tubes 
and passes between the individual sheets (S paper, leaving afl solid 
matter where it enters round the walls of these chanhels, and 
passes out by the other set of tubes. No application seems yet 
to have been made to the fermentjttion industries, but the require- 
ments of the bottling departments of breweries would seem to call 
for an examination of the feasibility of its use and possible supe- 
riority to pulp filters. It might also prove suitable for the separa- 
tion of yeast and for other purposes in the brewery itself. 

Stainless steel is a material with very great possibilities in the 
construction of brewery vessels, but at present rather ruled out of 
court on account of its high cost. .1. H. G. Monypenny^®® deals 
with the conditions which govern its resistance to attack by liquids. 
Water and vinegar have no action on it. 

E. Willemart describes^®* a new digestion mashing process by 
^which the mash is conducted in a closed copper-lined iron vessel . 
capable of withstanding a pressure of 1 atm. and fitted with draw- 
off taps on different levels for the clear wort. It also contains a 
Weigel propeller and the necessary fittings for water and steam. 
Mashing is commenced at 18° C., and after 6 to 16 hours the clear 
supernatant liquid is drawn off. The thick mash is then diluted 
and mashed successively at 50° and 70° and boiled. After cooling 
to 70° the ckar wort drawn off is returned to the mash. It^is 
claimed that the gain in extract is very marked. 

Wine, Cider, and Other Beverages. 

In the opening paragraphs of this Report reference was made 
to the enthusiasm with which Pasteur’s discoveries were received 
in the brewing* industry and the immense influence they have 
exercised gince liis day. Though the debt of viticultupe to 
Pasteur was perhaps even more dirtjct in that it owed to him 
fescue from the devastating effects of siUr-worm disease, wine*^/ 
making is still much behind distilleries, breweries, vinegar breweries, 
and dairies in^ the application of his principles, and wine suffers 
from the failure to make^use of pure culture fermentation in 
stability and in that the ordinary qualities hWe not all the finesse 
that they miglit possess. There are no doubt many difficulties in 
the appheation of pure fermentation to wine, but % iSbjrbet has 
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shown*^®* how it can be carried outwith great commercial advantage 
and the production 9f wine that has much improved quality and 
keeping pro]l)rtic8. A. Jarraud has described^®® a. method by 
which wine could be aged by means of electrolysis, which caiftes.an 
oxidation and1)rings about changes in wine comparable to those 
which occur during natural maturation. Jn three months white 
wines*have apparently llged three yee-rs ; bottled then they taste 
after sixfmonVha like wines ten years old. 

The manufacture of cider is still almost entirely in the hands of 
small concerns, who find it im^ wsible to make use of refrigeration 
methods which would greatly increase the regularity and quality 
of the product. 

C. Lambert ^®^ deals with this aspect of cider-making very fully, 
pointing out the advantages that would be obtained if througt co- 
operation refrigerating machinery could be installed for cold- 
storage of fruit, for the fermenting rooms, and for bottling with gas. 
Transport could also be greatly improved by the use of ice and more 
particularly by concentration of cider by freezing, a process which 
permits of the production of a concentrated juice which can after- 
wards be diluted for sale. 

The work of the fermentation laboratory and cider brewing 
station at Ettelbruck, Luxembourg, is described^®® by J. P. Wagner* 
It is devoted chiefly to research work dealing with simple processes 
for the manufacture of beverages from native fruit, and prepajr^ 
cultures of suitable yeasts for distribution to farmers. 

C. T. Symons^®* describes the production of arrack in Ceylon 
from the juice drawn from the young inflorescence of the coconut 
nalm. The Government has a model distillery, an^ the analyses 
* of the spirit produced show an improvement over the native 
product, particularly in the copper content. 


Cellulose FERMENTATiqN. 

Two papers have appeared on the direct bacterial fermen- 
tation of cellulose, dealing with the large-sgale experimente 
carried out by Power Spirits, Ltd., at Epsom. The first^^® is a 
very general review of the sjibject and the possibilities of (^ect 
fermentation, by H. Langwell and H. Lloyd Hind, in whftsh a^p 
the possibilities of its application to certain of the by-products of 
brewing, grains and spent hops, were mentioned. The second^ 
formed ^art of a discussion at the Society of Chemical Industry, 
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and was presented by A. tH. L;J^mn and H. Langwell ; in it the 
course of the experiments and their results” were (Jealt with in 
greater deta'Il. The fermentation can bo controlled to produce 
either* alcohol or acy^tic acid at bull. The results already obtained 
indicate that the fermentation of cellulose is likely to be an im- 
portant industry in the near future. The direct fermentation 
process can deal with annuab growths suefi as straw^ without any 
preliminary treatment other than softening by steam ‘alone or 
with a small amount of dilute acid which enables the material 
easily to be broken down into a 

Sir Frederic Nathan referred^^^ to the production, as the result 
of fermentation, of methane, w^hich offers possibilities in connexion 
with.the synthetic production of formaldehyde and methyl alcohol. 

In the course of the same discussion H. B. Hutchinson referred 
to the investigations he had carried out in conjunction with E. H. 
Richards at Rothamsted on the bacterial treatment of straw, 
which had developed into a commercial method for the production 
of artificial manure from vegetable refuse. 

0. Neuberg^^* has shown that acetaldehyde is an intermediate 
product in both the hydrogen and methane cellulose fermentations. 
,Mme. Y. Khouvine has examined the cellulose-fermenting 
organisms {Bacillus cellulosoe dissolvem n.sp.) from the intestines, 
and finds that as the purity of the culture increases so its activity 
decreases. This can be corrected by the addition of an extract of 
horse manure to the cultures, and the author concludes that the 
organism requires its nitrogen in a degraded form. 

For resistant celluloses, wood waste, and the like, saccharification 
processes are more suitable than direct fermentation. H. Terrisfie 
and M. Eevy^^® improve on their original patent by drying the 
sawdust etc. to 5% water before treatment with hydrochloric acid 
‘ solution. The material remains powdery and the acid recovery is 
simpler. The processf is modified to be continuous. E. C. Sherrard^ 
and W. H. Gauger find^^® that small quantities of certain mineral 
salts, such as xiercuric chloride, cobalt nitrate, zinc sulphate, 
ferric sulphate, arM magnesium sulphate give rise to increases in 
the amount* of alcohol obtainable from a given* amount of sawdust 
^hen used in conjunction with the sulphuric acid in the saccharifi- 
cation process. Preliminary treatment of the sawdust with 1% 
caustic soda solution was found to retard the formation of fer- 
mentable sugars, while chlprination followed by treatipent with 
sodium sulphite inhibited it. 

u2./..'1923,279t. 

^^Biochem. Zeita., 1923, 139, 627; J., 1923,993a. 

n* Ann. Inst. PaaUur, 1923. 37, 711. 

“»E.P. 186,139; J., 1922,910a. * 

, Ind. Eng. Chem.y 1923, 16, 63; J., 1923, 286a. 
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By a. W , Monies- Williams, O.B.E., M.C, PIj.T)., F.I.C., 
Minifitry of Ilmlth, London. 

DuRiNa the year under review no outstanding advance has been 
made in any departnieni of food chemistry, although a number of 
papers of considerable interest have been published, ranging over 
a wide field, • 

Vitamins etc. 

The mechanism ()! the foimation of vitamins in plants has been 
further investigated by Miss K. H. Coward,^ who lias examined 
the conditions under which vitamin A is yiroduced. She concludes 
as a result of her cx])eriments that the essential factor is light, and 
that neither carbon dioxide, oxygen, chlorophyll, nor calcium salt 
is necessary for the purpose. The light, moreover, may be of long 
wave-length, and need not contain ultra-violet rays. Thesd 
observations would seem to narrow the issue considerably, as 
hitherto chlorophyll has been considered to be an essential factor 
in the formation of vitamin A. Possibly, after all, the yellow 
colouring matters or lipochromes of plants, carrotene, xantho- 
phyll, and the fucoxanthin of sea- weeds, may be the active agents. 
Drummond in 1919 prepared pure crystalline carrotene from 
carrots, and found it to be completely lacking in growth^pronioting 
power, so that carrotene itself is not a vitamin.^ Several investi- 
gators have shown, how^ever, that a certain parallelism exists, 
between carrotene content and vitamin cqptent in plants, and 
Miss Coward has now shown that some lipochrome is alw’ays 
associated with the vitamin in plant tissues.^ 

Wg are still without definite indications' 8^ to the chemical 
nature of vitamins, but an interesting piece of wfi>rk by K. 
Takahashi and K.* Kawakami* seems to bring us nearer to a 
solution of the problem. These investigators, starting with 1 kf. 
of cod liver oil, removed the fatty acids by saponification, and the 
cholesterol by means of digitonin, and subjected the residual 
syrup, after solution in a small quantity of methyl alcohol, to a 
temperature of -20° C. They thus obtained ab(jut 1 gram of a 
semi-cryitalline product, containing carbon, hydrogen, and oxygen, 

1 J.. 1923, 17, 1^4 ; J., ]-923, 41U. 

Mnn. /?cpi<192l, 6, 47(). * 

® Biochem. J., 1923, 17, 145 ; J., 1923, 417a. 

* J. Chem. Soc.^apan, >923, 44, 590 ; J., 1923^ 904a. 
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but no nitrogen, which they consiiered was almost pure vitamin A. 
It appeared to be of an aldehydic nature. A ipouse at the point of 
death owing ,to lack of vitamin A was restored tb health by being 
given ‘O-OS mg. of this substance daily for a period of 10 days. 
Previous experience of the claims of investigators to have isolated 
vitamins makes one ch/iry of accepting these statements without 
further examination. Vitamins have beeh shown to be roadily 
adsorbed by, and carried down with, other substLnees^ and it 
remains to be seen whether the growth-promoting qualities of this 
substance are retained or gradually* lost when it is further purified 
by recrystallisation. 

The action of light as an auxiliary factor in the promotion of 
growth has been the subject of fm’ther experiments carried out in 
Vienna and London, and definite evidence has been obtained that 
air which has been irradiated by the light from a mercury- vapour 
quartz lamp is capable of producing prolongation of normal growth 
in rats on a diet deficient in fat-soluble vitamins.® 

J. Effront® has examined the absorption of pepsin by various 
substances, and finds that this enzyme may be separated to a 
great extent from accompanying proteins and other nitrogenous 
substances by absorption on paper pulp. The absorbed pepsin 
‘contains only 04% of nitrogen, and is five times as active as the 
original preparation. Effront concludes from this that pepsin is 
not of a protein nature and may be entirely free from nitrogen. 

Milk and Daiby Pbodijcts. 

The determination of the freezing point as part of the routine 
examination of milk appears to be established in America, and ^ 
apparatus' termed the “Hortvet” cryoscope is to be found in 
many laboratories concerned with dairy products. In this 
^ apparatus the necessary reduction of temperature is obtained by 
the evaporation of ether in a vacuum flask, and it is stated that 
not more than 10 — 15 c.'c. of ether is lost by evaporation in each 
' determination. Jt has been shown by many workers that the 
freezing point is the most constant property exhibited by piilk, 
and that, plovided that the milk be uot sour, this method furnishes 
l^^liabl^ iidormation in cases of watering. The determination of 
the correct freezing point of milk is a matter of considerable 
difficulty, necessitating elaborate precautions in order to avoid 
the errors due to supercooling and to the occasional formation of 
an ice film on the imier surface of thPe, vessel*, both of wnich tend 
to make^ the observed freezing point too low. In the Hortvet 
cryoscope these errors are liable to occur, but by working always in 
the same way the results obtained are coiyiparable one with another, 

* E. M. Hume and H. H. Smith, Biochem. J., 1923, 17^ 364. 

• MmU, Sci., 1923 , 18 , 7 ; J., 1923 , 287 a . , 
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although the actual figures are pfobab^ from O-OIS® to 0*020® too 
low. The freezing point of a solution of 7 grams of cane sugar in 
100 c.c. of water at 20® C. is given by the Hortvet •cryoscope aS 
-0-422®, whereas the value given •by F. M. R^oult,^ correcfed for 
supercooling, !s -0*409®, a difference which would correspond to 
about 3% of added water. Exact deternvnations could no doubt 
be mfide with the Horfvet cryoscopo if the freezing point of milk 
were coi^ipar^, under identical conditions, with that of a standard 
solution of canc sugar of approximately the same osmotic pressure, 
both values being then correctju for supercooling by comparison 
with the very accurate determinations made by Raoult on cane 
sugar, but for practical p .rposes the error referred to above may not 
be of great significance. It is pointed out in a pamphlet de^aling 
with standard methods of milk analysis that a tolerance of 3% may 
be allowed in calculating the results, but this appears to be based 
on the natural variation observed in the freezing point of milk, 
rather than on the presence of a constant supercooling error. 

The freezing point method appears to be finding favour also in 
Germany, Holland, and Switzerland. Gronover® gives results 
obtained by it, but here again it would seem that the error due to 
supercooling has been neglected. 

The so-called “ simplified molecular concentration constant ” ot 
milk, introduced by L. Mathieu and L. Ferre,® which is a figure based 
on the percentages of lactose and chlorine, is the subject of .a 
critical study by C. Porcher.^® This figure is stated never to fall 
below 70 for genuine milk, and to furnish a reliable indication of 
watering. 

^ The pasteurisation of milk by electrical heating i% carried out in 
America by means of the “ Electropure ” process.^^ fhe milk is 
passed upwards between carbon electrodes embedded in opposite 
walls of a hard rubber composition material which is in turn fixed 
in a rectangular upright metallic box. Theipassage of the current 
between the electrodes rapidly raises the'temperature of the milk to 
165® F. (74® C.), after which the milk flows out continuously to the* 
cocjpr. It is stated that milk treated in thisVay does not develop 
the “ cooked ” taste which js liable to occur when «ailk is pas- 
teurised in the ordinary way. This process is very much the samo^ 
as the one introduced several years ago at Liverpool by J. fi. 
Beattie and F. C. Lewis, and which was the subject of a report by 
the Medical Research Council in 1920.^® Being a “ flash ” pyooess 
it could not be used in this country for the production of 

Z.phyaih Ghem., 1898, 27, 617. 

® Z.Unters, Nahr. Genuasm., 1923, 46, 18. 

* Ann, FaUiJ,,\m, 1,12. 

“ Ibid., mw, itf, 16 ; J., 1923, 986a. • r 

« P. W. Robison, Ind. Eng. Chem., 1923, 16, 6U ; J., 1923, 621a. : 

^ Sptcial Report Series^So. 49) of (he Medical Research Council, 1920, 
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teurised milk, unless the ijniilk \«ire subsequently held at 146® F. 
for half an hour. 

Owing tO' the occasional use of hypochlorii'es ibv sterilising 
utensils used in daify work, miLh is liable to be contaminated with 
traces of chlorine compounds. P. Rupp'^ has iilsTStigated the 
extent to which hypochlorites can be detected in milk, and has 
found that by means of potassium iodide knd starch it is p6Ssible 
to detect 1 part of available chlorine in 60,000 parts'of milk. The 
test, however, is less sensitive if the millt has been kept for any 
length of time at the room temperafhire, and at best it would seem 
capable of furnishing definite indications only in cases of com- 
paratively heavy contamination. 

A useful conference on the pasteurisation of miU^ was held at 
the Guildhall on November 21 s(-, under the auspices of the National 
Clean Milk Society. Papers were read dealing with the physical, 
chemical, bacteriological, and biochemical changes which may 
occur as a result of pasteurisation, and it may not be out of place 
in this connexion to refer again to the work of P. Rupp in 1913,^* 
which appears to have escaped the notice of many workers in this 
country. Rupp determined the amount of soluble lime and 
phosphoric acid in the serum obtained from raw milk and from 
milk pasteurised at different temperatures, and found that even at 
155® F. (68-3° C.), the highest pasteurising temperature used by 
him, the changes were trifling, within the limits of ex])crimcntal 
error. This does not, of course, exclude the possibility that 
calcium phosphate may be changed from a colloidally dispersed 
form to a form definitely insoluble, but if calcium phosphate were 
thus rendered insoluble at pasteurising temperatures we shoujd 
expect to find a considerable precipitate or sludge left behind at 
the bottom of the pasteuriser. This is not the case, although it 
might possibly happen at temperatures nearer the boiling point. 

Rupp also investigated the extent to which lactalbumin is 
coagulated by pasteurisation. He found that no coagulation at all 
' occurs in milk heated to 145® F. (62-8® (3.) for 30 minutes. At 
150® F. (65-6° C.)uthe eoagulation of albumin had begun, 5*71% 
being rendered insoluble. At 155° F. (68*3® C.) the quantity had 
jnereased to 12-76%, whilst at 160° F. (71-1° C.) 30-87% of the 
lactalbumin had been coagulated. 

The changes in the coagulability of the casein, also, were com- 
paratively slight. In milk pasteurised at temperatures up to 
149° F. (65° C.) the casciii coagulates with <Tennin slightly more 
rapidly than d(?es raw milk, At 168° F. (70° C.) a retardation of 
rennin coagulation sets in, and at 167° F. (75° C.) ^tho time of 
coagulation has become nearly double. 

Amer. J. Pharm.i 1923, 95, 49. 

166, Bureau of Animal Industry^ US. Dept^of Agric., 1913. 
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The recent introduction in this countfy of Regulations embodying 
standards for coHKicnsed and dried milks has directed attention to 
the methods of analysis of thes^ products, and incidentally has 
revived the controversy as to the adoption df standard methods. 
While, no doubt, it is highly desirable that analysts should cyne 
to segue agreement as io which methods are capable of giving the 
most aecUxa-g) results, the general trend of opinion seems to be 
against rigid standardisation, except in special cases. On the one 
hand, it is contended that nv’>-.-..'acturcrs of, and dealers in, food- 
stuffs, who buy and sell their products on an analytical basis, are 
liable constantly to b- 'nvolved in costly disputes and litigation 
owing to the varying results obtained by rival analysts employing 
different methods. On the other hand, it is held that standafdisa- 
tion tends to stereotype methods of analysis, to hamper progress, 
and to discourage analytical research. Mor> over, it is not by 
any means certain that the adoption of a standard method will 
invariably secure agreement, and an inaccurate result obtained by 
careless application of a standard method would be more likely to 
sticure the verdict in a disjmte than an accurate result obtained 
in some other way. 

A scheme has bc'cn put forward by the Sock^ty of Public Analyst#, 
according to which chemists and analysts interested in any par- 
ticular industries are invited to confer among themselves upon 
cases where divergent results have occurred owing to the use of 
different methods of analysis, and to submit reports to appropriate 
committees of the Society, these reports, after consideration, to be 
jmblished in The Analyst. No specific recommendation will be 
made as to the employment of any particular methods, •the object 
of the scheme being to insure that all the information available is 
brought to the notice of Public Analysts and others who may bew 
called upon to undertake the analyses in question. 

The analysis of dried milk forms the* subject of two papers by 
H. Jepheott and A. C. Bacharach.^® They hav% investigated the ’ 
degree of accuracy with which lactose can be determined by copper 
reduction methods^ and find, that the modified method of F. A. 
Quisumbing and A. W. Thomas^’ is superior to all others fti point 
of accuracy. The latter authors claimed to have found that in the 
ordinary method of heating the sugar solution with Fehling’s 
solution in a boiling water bath for 12 minutes considerable errors 
were introduced by* the varying degi*ee of auto-reduction of the 
Fehling’s solution. They also stated that the temperature of the 
mixture,* when immersed in boiling water, was not constant and 
was subject to vimation| dependent upon atmospheric pressure. 

“ Analyst, Jy2:{, 48, 029 ; Abs., 1924, B., 30. 

“ibid., 1923.48, 521. . 
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By carrying out the reduction in a thermostat at 80® C., no auio- 
reduction of Fehling’s solution took place, and es^ors flue to varia- 
tions cln temperature were avoided. Many other points were 
brought out in Quilisumbing andf Thomas’s work, wjiich is worthy 
of^plose study by all chemists interested in sugar analysis. It 
would seem doubtful, however, whether ^he degree of acqjiracy 
claimed by these authors, a" percentage error of 9 j)proximately 
± 0*12% of copper oxide, is in fact attainable. The writer has 
found that duplicate experiments^, carried out with every pre- 
caution, do not always show this high degree of concordance, and 
Bacharach, working under the exact conditions laid down by 
Quisumbing and Thomas, obtained consistently a higher weight of 
copiler oxide (about 101-7 instead of 100) for a given weight of 
lactose. It would seem that sutficient importance has not hitherto 
been attached to the exact size and shape of the vessel in which the 
copper reduction is effected. It is quite easy, by altering the size 
and shape of the vessel and the amount of free air space above the 
liquid, to obtain results differing from each other by as much as 
5%, or even more, of the total weight of copper oxide found. 

Although a large number of copper reduction tables are now in 
fixistence, adapted to varying methods of working, the only safe 
course would seem to be for the analyst himself to check his own 
results on pure sugars under the precise conditions of working 
adopted by him. 

In this connexion an important paper by J. H. Lane and 
L. Eynon^® may be noted dealing with the use of methylene blue 
as an internal, indicator in the volumetric determination of sugars. 
It is stated that by this method results agreeing to within 0*1 c.fe. 
maybe obtained in titrations requiring from 15 to 50 c.c. of the 
•sugar solution. 

In an American patent^ ^ a claim is made for the manufacture of 
a foodstuff by mixing milk with converted starch products and 
drying the mixture. If such products are placed on sale in this 
country, the analj’st, under the Dried Milk Eegulations, ma^y be 
faced withHhe problem of determining lactose in presence of 
yialtosfe, dextrose, and dextrins. This is by ho means an easy 
matter, as is evident from J. L. Baker’s work for the Local Govern- 
ment Board in 1914.^® 

The determination of fat in dried milks by different methods 
frequently gives rise to discordant results, and H. Jepheott*^ gives 
the results of determinations carried out by direct ether extraction, 
by the Werher-Schmidt method, and by the Rose-Gottheb' method. 

“ J., 1923, 32t. , 

i»U.S.P. 1,449,120 ; J., 1923, 372a. 

Food Reports No. 20, Local Government Board, 1914. 

, “ Analyst, 1923, 48, &29 ; Aha., 1924, B, 30. * < 
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His results confirm the experience of molt analysts that direct ether 
extraction isk quiie useless in the case of dried milks. The per- 
centage of fat obtained, even after^ extraction for 20 hours, may be 
more than 5% below the truth. Both the Wcrner-Schmidt and 
Rose-Gottlieb methods are capable of yielding correct results, 
vide4 that due precautions arc taken to avoid loss of fat. Of the 
two met]ioJ..,the former is preferabfe, as it is sometimes difficuli 
to secure complete solution of the milk powder in the Rose-Gottliel 
method. 

K. Brauer,^ in an examination of the different methods oi 
determining fat in sweetened condensed milks, finds that the mosi 
accurate method is that in which proteins and fat arc precipitatec 
from the diluted mOk by Fehling’s copper solution and the Sriec 
precipitate is extracted with ether. 

A. J. Swaving gives an account of the official control of chees< 
in Holland in respect of its fat content. The total production o: 
milk in Holland is estimated at 3600 million litres annually, o: 
which only 900 million is consumed as such, the remaining 270( 
million litres being turned into butter, cheese, condensed and drie< 
milk, etc. The export of cheese from Holland amounted in 192! 
to over 50,000 tons, and it Ls considered of the highest importance 
in the interests of the export trade, that there should be an adequate 
system of official guarantees. Whole milk cheese (Gouda cheese) 
is required to contain a minimum of 45% of milk fat calculated on 
the dry cheese. Edam cheese and some brands of Gouda cheese 
are made from partly skimmed milk, and the lower limit of fat is 
40%. In North Holland, where most of tliis chee^ i? m^do, the 
• dheese factories will, apparently, take only one d^vtry of milk 
a day, and it is customary for the farmer slightly to skinr the 
.afternoon milk, and hold it over until next morning for delivery, 
together with the morning milk. The cheesjps are labelled with a 
transparent disc made of a casein preparation, on which is stamped 
the minimum fat percentage and the word “ velvet ” (full cream) 
for a whole milk cheese. Cheeses made from*p^rtly skimmed milk 
are Itaraped 40%, 30%, or 20%, and where the fat percentage is 
below 20% they mast be specially marked as made from skim milk. 
For whole milk cheese the lettering is blue, and for all others blacE 
The constancy of the fat content in whole milk cheeses is remarkable, 
the actual figures being in most cases between 47 and 51% of fat 
on the diy product. , In 1921, only 0-7% of all the samples examined 
fell below 45% of fat. A table of figures is given^in which the fat 
content ^of the original milk varied from 2-55% to 4*01%, the 
resulting cheeses varying only from 47*9% to 53*3% of fat. The 
fat content of pheese is, df course, governed primarily by tie ratio 

« Z. dffmtl Ch^., 1925^ 28, 197 ; J., 1923, 26a. 

« Z. Unfera. Nthr. (knwam., 1923, 45, 0 ; J., 1923, e2lA. 
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of fat to casein in the original milk, and this is less subject to 
variation than is the actual fat content of milk. In the United 
States whole milk cheese is required to contain 50% of fat on the 
dry solids, but according to SwaVing it is impossible for so high a 
standard to be attained in Holland, although in the greater number 
of cases the actual fighre is approximately 50%. 

F. H. van der Laan^^ recommends a modified mqthod of deter- 
mining butter fat in admixture with fats not containing volatile 
fatty acids. The procedure does not vary in essential details from 
that usually followed in this country, and moreover the degree of 
accuracy obtainable does not ap])ear to bo greater than can be 
reached by existing methods.- 

Frfit Juices. 

F. Auerbach and U. Kruger -•'* have published the results of an 
exhaustive investigation on the determination of malic acid in 
fruit juices. The determination of the naturally occurring organic 
acids, malic, citric, lactic, oxalic, succinic, tartaric, etc., in presence 
of each other is always a matter of some difficulty, and the results 
obtained by existing processes leave much to be desired in point of 
Accuracy. For the most part they de])end on fractional precipita- 
tion of the calcium, barium, or lead salts of the acids by alcohol of 
varying strengths. The precipitates obtained are further examined 
by ashing them and determining the alkafinity of the ash, by deter- 
mination of the barium content, or, in the case of the lead salts, by 
decomposing them with hydrogen sulphide and titrating the free 
acids. Other methods depend upon the varying resistance to 
oxidation by permanganate exhibited by the acids. The separation 
of the acids from each other by these methods is never quite 
t complete, and many contradictory statements appear in the litera- 
ture as to their rq^ative distribution in various fruits. The 
question is of some importance in connexion with the analysis of 
jams and fruit products, since the relative distribution of malic 
and citric acids n?ay often give valuable information as to the 
probable constituents of a mixed product. 

It has been known for some time that the optical rotation of 
ihalic and tartaric acids is enormously increased by the addition of 
urapium and molybdenum salts, but endeavours to base an ana- 
lytical method upon this characteristic property have not been 
successful, owing to the fadt that the specif rotations "observed 
vary according to the concentrations df the acids, the amount of 
molybdefium or uranium in excess, and the reaction of the liquid. 
By the employment of a large excess of molybdenum or uranium 
salts aeid by adjusting the hydrogen ion coftceptration of the 

Bee. Trav. Chim., 1922, 41 , 724 ; J., 1923, 287a, . 

« Z. Unters.^ Nahr. CFenussM.. 1923. 46 . 97. 177 : Absi 1924. B. 32. IIU 
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solution by means of “ buffer ” mixtuies, Auerbach and Krtiger 
find thatr they cay deternjine malic acid, in concentration up to 
1-5%, in the presence of other acids, with a high degree'of accuracy, 

The fruit jiyce is treated witl! alcohol to* precipitate pectio 
substances, having first been slightly acidified to prevent precipita- 
tion of calcium malatc 1^ the alcohol. In*an aUquot part of tte 
filtrate the vajic acid is precipitated,* together with other organic 
acids, as barium salt, by the addition of the correct amount of 
barium carbonate. The mixed hariiim precipitate is filtered off • 
and shaken with water, with tlie addition of solid barium citrate 
and barium tartrate, until the Avhole of the barium malato has 
passed into solution, ano the liquid is at the same time saturated 
with barium citrate and tartrate. The saturation of the soluftion 
with these two salto insures that their effect on the rotation, after 
addition of uranium r molybdenum, is always the same, the only 
variable being barium malate. 

The solution is then divided into three parts. One part is 
examined direct in the polarimeter, a seeond part is examined after 
shaking for four hours with disodium citrate as a '' buifer ” salt 
and solid uranium acetate, with subsequent filtration, and a third 
part after addition of a definite amount of acetic ncud and ammo-# 
nium molybdate. In the case of tlie uranium compound of lactic 
acid the solution is licvorotatory, while the molybdenum com- 
pound is dextrorotatory. The amount of malic acid present is 
obtained from tables, after applying the necessary corrections for 
the volume of precipitates, etc. A great advantage is that two 
separate and independent polarimetric readings are obtained, and 
^thie accuracy of the work can be checked by the agj‘o(^e .t between 
the amounts of mafic acid found in both cases. ^ 

The method is somewhat complicated, but it has evidently been 
very thoroughly worked out (the account of the woik occupies * 
100 pages) and would appear to give accurate results. The 
authors find that apple juice contains about 0-0% of mafic acid, 
which represents from G2 to 85% of the total (irgaHic acids present. 
Pearojuice contains 0-3% of mafic acid, or 6G%*of the total acids 
present. Cherry jujpe contain® very nearly as much nTalic acid as 
apples. Gooseberry juice contains 0-09% of mafic acid, which i^ 
only 3 to 4% of the total acid content. Red currants, raspberries, 
elderberries, bilberries, and tomatoes contain from 0-05% to traces 
of mafic ^cid, representing not more Idian 2 to 4% of the total 
acids present. • 

These results may be compared with those obttiined by C. F. 
Muttelet,*® who finds that currant, raspberry, and krawbeity 
juices contain citrjp acid*but no malic acid. He employed the 
method of fracuonal precipitation of the barium salts from* dilute 

Ann, Falsif., m2, 16, *463 ; J., 1923 , 197 a . 
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alcoholic solution. H. Franzen^and F. Helwert^ find that apple 
jtdce contains chiefly malic acid, together 'm^h cijyic acid and 
small < amounts of succinic and lactic acids, and traces of oxalic 
acid and unsaturatcd acids. Ihey separated the^ acids by frac- 
tionating their ethyl esters, converting these into hydrazides and 
condensing with bcnzaidehyde. ^ 

According to J. M. Weis^, C. R. Downs, and H. P. Corson®* 
synthetic malic acid is now being produced on a large scatle, and it 
' is stated to have a flavour superior to that of citric acid. It is 
claimed that it may safely be used in place of citric and tartaric 
acids in food products such as jellies, confectionery, etc., and in 
beverages. 

Preservatives and Colouring Matters. 

On the vexed question of the use of preservatives and colouring 
matters in foodstuffs there is little to record, pending the findings 
of the Departmental Committee which is at present investigating 
the whole subject. Reference may be made, however, to a useful 
summary by F. W. Richardson®® of the chief colouring matters 
used for foodstuffs in the country. Richardson states that Naphthol 
, Yellow S and Tartrazine arc the chief yellow food colours now 
used. Naphthol Ycfllow, or Martius Yellow, is stated to be 
poisonous, but the introduction of the sulphonio acid group, forming 
Naphthol Yellow S, appears to neutralise the toxicity. 

Investigators at the U.S. Bureau of Standards have compiled 
quantitative data on the absorption spectra of the dyestuffs per- 
mitted for use in foods.®® Where, as in the United States, the 
number of p«rmitted dyestuffs is small, the spectroscope afford^ a 
most useful means of controlling their presence in foodstuffs. Iff 
this country, however, the number of dyes used is much greater, 
•' and the absorption spectra of many of the mixtures found in com- 
merce are not sufficiently distinctive, as compared with those of 
the natural colouring blatters, for definite conclusions to be 
drawn by meair> of , the spectroscope, although it is often useful as 
a confirmatory tect. 

P. Buttfehberg®^ draws attention ,to the substitution in Germany 
i/jf artificially coloured smoked cod for smoked' salmon. Apparently 
salmon is imported in the salted condition from America, and 
smoked in Germany after soaking out the excess of salt ; but fish 
of the cod family, appropriately coloured pink with coal-tar dyes, 
is frequently sold in plac*e of salmun. The method* of die^- 
guishing between the two depends on the difference in behaviour 

« Z. phyaiol Cham,, 1923, 127, 14 ; J., 1923, 674a. 

*• Ind. Eng. Chem., 1923, 16, 628 : J., 19?3, 1194f . 

••V. ^oc. Dyere and Col, 1923, 39, 148. 

•? U,E. Bureau Standards, Sci. Paper 440, 1922, 121 ; J,, 1923, 9a. 

1923, 47, 0 ; J., 1923 167a. • 



between the colouring matters wtfep. treated with various solvents, 
and is analogous Jo the usual methods employed for the detection 
of artificial colours in other foodstuffs. Probably i mor^ satis- 
factory differentiation could be obtained by a comparison of the 
scales, if these are present, as shown by R. E. Essery.®^ It would 
be of interest to ascertnm how far the method of protein racemisa- 
tion, as car\’cd out by*H. E. Woodihan,®® would bo applicable to 
the problem of establishing the identity or otherwise of products 
of this nature. 

A. R. Tankard®* has published some interesting statistics on the 
occurrence of preservative's in foods over a period of ten years. 
In 7000 samples examined, 9% contained preservatives, and a 
noteworthy feature is the extraordinary variation in the amount 
of preservative coxisidered necessary by different manufacturers 
for the same article In the case of potted meats and fish pre- 
served with boric acid the ratio of the maximum to the minimum 
percentage of preservative found is 63 : 1, and in fruit juices con- 
taining salicylic acid as much as 84 : 1. 

The determination of bcric acid in foodstuffs has recently been 
the subject of discussion, o\ving to the divergent results frequently ^ 
obtained in the application of Thomson’s well-known method# 
In this method advantage is taken of the fact that while tricalcium ^ 
phosphate is insoluble in an alkaline solution, calcium borate is 
fairly soluble, provided that the degree of alkalinity is not too 
great. Unless Thomson’s directions are closely followed, and the 
addition of alkali is carried out with the greatest care, low results 
are obtained, owing to the solution becoming, even locally, too 
strongly alkaline, with the result that some calctun ^ borate is 
precipitated together with the phosphate. In the Goverjyjjent 
Laboratory method®® the precipitation of phosphoric acid as 
tricalcium phosphate is effected by adding JV/10 sodium hydroxide* 
solution drop by drop, with constant shakfhg, until a faint but 
permanent pink colour appears, after wfiich the liquid is made up 
to volume and filtered, prior to titration in ptf*eseAce of glycerol or 
mannitol. An alternative method®® is designed 1;o avoid altogether 
the risks inherent i^ precipitation by lime. The greatef part of the 
calcium present is removed in the form of calcium sulphate ani 
the phosphate precipitated by magnesia mixture. After removal 
of ammonia from the filtrate by boiling with sodium hydroxide, the 
liquid is ijeutralised and the titration qarried out in the presence of 
glycerol in the usual mani^l. There is up doubt t^at Thomson’s 
method, unless carried out with care, may give results sJkowing a 

Analyst, 1922, 47, 163 ; J., 1922, 38 
»» Biochem. J., 1^21, 16, 197. 

48, 540. 

« im., 1923, 48, 416 ; J„ 1923, 1241-. 
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loss of anything up to 50% of tiie boric acid originally present, a 
fact which deserves far wider recognition thAn jit appears, so far, 
to have received. 

Metals in Foodstuffs, and Food-Pois(?ning. 

H. Jarvinen®’ gives the amounts of metal dissolved from 
different kinds of cooking vessels by a 4)% sugar solution con- 
taining 1*5% of citric acid and by a 5% solution of so*dium' chloride, 

' on boiling for 3 hours. Aluminium vessels dissolved in the citric 
acid solution to the extent of 120 mj;. per kg. of solution, but in the 
salt solution only 9 mg. was dissolved. Brass was found to give 
the best results of any of the metals examined. The coating of an 
enamelled vessel dissolved in the citric acid solution to the extent 
of as much as 6 g. per kg. of solution. This is in accord with the 
writer’s experience, an enamelled cooking vessel having given up 
5‘5 g. to one litre of a 1*5% citric acid solution on heating to just 
below boiling point for 5 hoius, although the greater number of 
enamelled vessels do not give up more than ()'3 — 0*7 g. per litre 
under these conditions. Jarvinen gives details of a modified 
wet ashing ” method with nitric and suljfiiuric acids by which 
he claims that it is possible to determine in foodstuffs small amounts 
of all heavy metals, with the exception of mercury.*'^® 

W. G. Savage has published a valuable book on canned foods, 
in which the bacteriology of the subject is treated exhaustively. 
Savage is of opinion that the presence of tin in canned foods is of 
little significance from the health standpoint, provided it be not 
excessive, and points out that no cases of poisoning by canned 
foods have evir been shown to be due to tin. This last statemept 
is m^doubt correct, but at the same time it must be borne in mind * 
that injury to health does not necessarily begin only with definite 
'symptoms of poisoning, and in the present state of our know ledge 
the only safe eoursc if to insist that the tin content of foodstuffs be 
kept down to the lowest {)ossible limit. This could in many cases 
be secured by the .more extensive adoption of lacquered tins. 
W. M. Willoughby^® is of opinion that it is the presence of sqlt in 
canned fooSts wldeh promotes solution of tin, ratlicr than the 
ftotion of organic acids. 

E. F. Kohman" has found that with canned fruit any oxygen 
left in the tin disappears within a few days when plain tins are 
used, but that in enamelled tins it disappears much more slowly. 
This observation is in accord with fjje suggestion made in last 

• 

^ Z. tJniers. Nahr. Oemtsam., 1923, 45, 190 ; J,, 1923, 904a. , 

Z. Ibid., 1923, 45, 183 ; J., 1923, 903a. 

*» “ Canned Foods m Relation Health,” by ty. G. Savage. Cam* 
bridge l5Diversity Press. 1923. ' 
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year’s Annual Report (p. 447) tlfat thg solution of tin by canned 
foods is not due to tJae direct action of acids on the tin with libera- 
tion of hydrogen, but is Jopendent upon the presenee of oxygen, 
the tin dissolving without the production of g^. 

0. Jones^^ lias given a useful summary of tlie routine factory 
methods employed in yic examination of •preserved meats etc? 

An unugx case of poisoning due* to metallic contamination is 
reported as having occ irrcd at a large Institution near London.'*® 
Over 200 persons developed t .-pical symptoms of zinc poisoning,* 
which was traced to the consumption of stewed apples prepared 
in galvanised iron vessel ’■. The stowed fruit on examination was 
found to contain 7 grains of zinc oxide per pound, and each person 
probably consumed an equivalent of about 18 to 20 grains oizinc 
sulphate, the emetic dose of this salt being from 10 to 30 grains. 

Perhaps there k no subject in the anab tical chemistry of 
foodstuffs which has received more detailed investigation than the 
problem of dctcrminiiig minute traces of arsenic. Although the 
subject was fully ventilated at the time of the Royal Commission 
on Arsenical Poisoning, in 1903, ar.senic still crops up in the most 
unexpected places, in amounts which must be considered excessive, 
and its presence can nearly always be traced to the employment oi 
coal or sulphuric acid at some stage in the manufacture or prepara- 
tion of the foodstuff. In the case of certain samples of cocoa, the 
presence of arsenic was traced to the use of potassium carbonate 
of mineral orgin, and it is occasionally found in natural foodstuffs 
and extracts which have never, as far as can bo ascertained, been 
exposed to obvious sources of contamination. A discussion on the 
determination of arsenic was held in the early partVf ^e year by 
the Society of Public Analysts in conjunction with the Notthigham 
Section of the Society of Chemical Industry. Several interesting 
points were brought out in a paper by J. M. Wilkie, and the sub- 
sequent discussion served a useful ])urpo^e injecting the attention 
of manufactusers and chemists to the need for constant vigilance in 
the matter of arsenical contamination. An •increasing number of 
chemists are finding that the electrolytic method, using lead elec- 
trodes, possesses many advarftages over the zinc and acid ^lethod, 
in that, while fully as sensitive, it is easier to control, and is lefB 
dependent on the ‘‘ personal equation.”*® 

From time to time one secs reported in the German scientific 
Press cases of solayine poisoning due to potatoes. One of the 
earliest recorded cases of fhis form of poisoning appears to have 

taken plg/Ce in 1843, and since then several instances ha^ve occurred 

• 

« Amli/st, 1923, 48, 429. 

« fMncet, 19/3, ^04, 242. 

Analyst, 1923, 48, 63. 
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in France and Germany, mainly among troops. No cases have, to 
the writer’s knowledge, been recordec^ else‘vhpre Jhan- on the 
Continent, ahd so far no explanation based on peculiarities of 
climate, soil, or mathods of Cultivation and sto]^age has been 
advanced to account for the occasional occurrence of a high solanine 
co&tent. It is not the ‘so-called “ industrial ” potato which is at 
fault, but the edible varieties. Normally these ^contain from 
2 to 7 mg. of solanine, or even less, per 100 g., but occasionally the 
•solanine content may rise as high as 40, 50, or even 80 mg. At one 
time it was thought that only small immature potatoes, and also 
old ones which had become green from exposure to light. Were 
liable to cause solanine poisoning, but C. Griebel^® records two 
cases- arising from the consumption of potatoes in early December, 
shortly after the crop had been harvested. In every case the skin 
contained a higher proportion of solanine than the rest of the tuber, 
and the potatoes in question were characterised by a markedly 
bitter taste after being cooked. A. Bomer and H. Mattis^^ also 
record similar cases where potatoes harvested at the end of October 
possessed a strongly bitter taste and high solanine content. These 
authors give analyses of six separate consignments from different 
parts of Germany during the winter of 1922-23, in which the 
solanine content ranged from 25*3 up to 58-8 mg. per 100 g., all 
of which were too bitter for consumption. Samples of these 
potatoes have been planted on an experimental plot, together with 
different varieties showing a normal composition, with a view of 
ascertaining whether soil, climate, or methods of manuring influence 
the solanine content. 

Miscellaneous. 

Jf^Tillmans and A. Giiettler*® have examined various baking 
^powders from the standpoint of their practical value in bread- 
making. This depends upon the temperatui’e at which carbon 
dioxide is evolved and tlu) speed of evolution, and different mix- 
tures are found tj vary greatly in this respect. The baking powders 
were examined by^lroducing 0-05 g. of the mixture, made up in 
equivalent proportions, into a carbon dioxide apparatus ‘con- 
taining* 20 c.c. of saturated sodium chloride solution, and measuring 
fhe amount of gas evolved in different times and at different 
temperatures. Mixtures of sodium bicarbonate with cream of 
tartar, tartaric acid, potassium bisulphate, or aluminium sulphate, 
gave off the whole of their* carbon dioxide a| ordinary ‘tempera- 
tures, the proportion evolved in 5 ipinlltcs being from ,^72 to 93%, 
and the fbmainder in 15 to 25 minutes. For baking purposes the 
first yarned is the best, as approximately 75% of the g£te is evobrM 

2f. Utters, Nahr. Gmuaam., 192^ 45, 175 ; «/., 19*23, 

« Ibid., 1923, 46, 288 ; J., 1923, 995a. 

« Ibid., 1923, 45, 102 ; J., 1923, 674a. 
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in the first 5 minutes, and 'the twhole of the remam<ier 
during the s^bsecjuefit 20^ minutes. Mixtures of sodium bicar- 
bonate with tartaric acid, potassium bisulphato, oi* alun^um 
. sulphate evolve; gas too quickly, aiM favour tha formation of large 
cavities in the bread. Bakii]^ powders composed of sodium or 
ammopium bicarbonate^ alone or of sodium bicarbonate with 
primary or I '^jondary calcium phosphate or .ammonium chloride, 
do not give off carbon dioxi le untd comparatively high temperatures 
are reached. The most satist^etory of these is the mixture of 
sodium bicarbonate with piiidary calcium phosphate, which at 
60° C. gives off two-tliirds of its carbon dioxide in 25 minutes, although 
the remaining thud is evuived only slowly even at higher tempera- 
tures, and the reaction is never complete. The use of a powder 
which is too slow in action is liable to cause cavities in the loaf, 
somewhat similar t<f those formed with a rapidly acting powder. 
Photographs are given in the paper of typical loaves prepared with 
different baking powders. 

D. W. Stewart^® has shown that the cholesterol acetate test is 
not to be relied on to demonstrate the presence of animal fats in 
mixtures containing vegetable oils. He separated the sterols from 
a number of oils by precipitation with digitonin in alcoholic solu- 
tion, and prepared the crystalline acetates by means of acetic 
anhydride. Cholesterol acetate from animal fats melted invariably 
at 114°-114*5° C., except in the case of hardened whale oil, when 
it melted at a lower temperature. The sterol acetates obtained 
from vegetable oils showed melting points varying from 125° to 
133° C., but with cottonseed oil, repeated recrystallisation brought 
,the melting point down to 114° C. A mixture of 15^^ ot animal 
fat and 25% of vegetable oil gave a sterol acetate mixtifle melting, 
after recrystallisation, at 123° C. It is clear from the abo'v^hat 
results obtained in the application of the cholesterol acetate test 
must be interpreted with caution. • 

Reference was made in last year’s Rbport to the manufacture 
of ice for preserving purposes from water qpntaining chlorine oi 
hypochlorites. This idea is apparently bein^ developed, and a 
patent has now begn taken mi for charging water wfth hydrogen 
peroxide before freezing it.®° A solution of hydrogen perftxide 
thus formed continuously as the ice melts. 

Considerable progress has been made in recent years in the pr(v 
duction ©f dextrose by acid hydrolysis of cellulosic materialfl. Il 
was shown by R. Willstatfer and L. Zephmeister in 1913*^ thi^l 
cellulose could be hydrolysed completely by treatment aj ordinaij 
temperatures with concentrated hydrochloric acid,* and ' soS^ 

Analyst: 1«23,* 48 . 165* J., 19f3, 462 a. 

201, 772 ; J., 1923, 996a. 
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dextrose is now being prqjluced in Germany on a technical scale 
by a similar method, the hydrochloric acid bein^ subsequently re- 
covered by distillation. The sugar thus obtained is contaminated 
by bitter substances which make it unfit for use except as cattle 
food. In a recent patent it is claimed that this may be obviated 
b^ treating the cellubwic material before hydrolysis with certain 
organic solvents whjch dissolve fats ani resins. Several* other 
patents®** have appeared dealing with the productibn of dextrose 
« from wood or similar material, and there is httlc doubt that the 
manufacture will soon be placed oil a commercial basis. 

“G.P. 362, ‘J29 ; J., 192.3, 158a. 

‘ia G.P. 359,8(Ki, 362,232, 362,233 ; 1923, 157a. G.P. 362,230 ; J., 

1923, 145a. G.P. 362,231 ; J., 1923, 168a. 
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By J. V- Johnston, F.l.C, 

Departmni df Public Health, Barthohmeto's Hospital, London. 

In last year’s Report 13r. ert foresaw the ix)ssibility of a* 
central department arising in the future to take over the seientific 
investigation of puhli' health problems. The fulfilment of this 
forecast appears likely to come about sooner than might have 
been anticipated. A very large sum of money has been giv^n to 
this country by tlie Rockefeller Trustees for tbe foundation of a 
School of Hygien(‘. A committee of selection has appointed Dr. 
Andrew Balfour as Director of the School. What the School will 
be is not yet known, but it appears that it will certainly undertake 
instruction in public health subjects. Research can hardly be 
separated from such practical subjects, and their embracing 
character almost necessitates team work on an extensive scale. 
The gift by the Rockefeller Trustees easily constitutes the most 
important development in general hygiene in this country during 
the year. The prospects before the new foundation as an aid to 
scientific progress are great, and its establishment will be looked 
forward to with interest. 

Shwaoe. 

Theory of Purification. 

A paper on the theory of sewage purification, entitled^ThS 
physical aspect of sewage disposal,” has been contributed by 
F. R. O’Shaughnessy.^ He states that of the general charac* 
teristics commonly found in sewages the* most universal and 
important arp tlie physical properties of the principal constituents 
— ^the water and the chief polluting substaiif es. • No matter what 
trea(tment the sewage may be subjected to,* the ^ents which 
effect the changesi which result in the ultimate destruc^tion of 
these polluting substances are chiefly biological agents, althou§^ 
the appropriate handling of these agents depends on the incidence 
of physical laws. The principal solids present are of faecal origin, 
and because of their physical propeaiiies complete separation of 
solids in general cafinot b»*effected until 4:he colloidal character of 
the faecal solids has been destroyed. Of the Activated sludge 
process Tie cemarks that the action is biological, the active agents 
being living^ tj;dng8, andi that ^he sludge is non-colloidal.* beinc 
mostly living material. 

» J., 1923, 369m 
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In the discussion on the^aper E. .Ardem*.said that the author 
rightly asked for more clarity of thought jn corfeidering the problem 
of sew.age purification, and therefore it was a little disappointing 
to find that he lacked precision” when dealing with, the proposals 
he apparently advocated. It is equally to be regretted that a 
greater clarity of thought was not manifested in regard to the 
principles of the purification*' process. Otherwise it is not con- 
ceivable that the ultimate destruction of the polluting substances 
‘fi^ould be associated with every form of sewage treatment, since 
it occurs in none, as is evidenced by the large amounts of sludge 
always remaining ; nor that it should be affirmed that the complete 
separation of the sohds from the hquid could not be effected until 
the colloidal character oi the faecal sohds had been destroyed, 
seeing that this character is not destroyed but merely changed, the 
solids still remaining colloidal ; nor, finallj^ that it should be 
asserted that the sludge is non-coUoidal, being mostly living 
material, for it consists almost entirely of coagula comprising 
the colloidal solids of the sewage and also living cells, which are 
essentially colloidal.* 

It is many years since A. S. Jones and W.O. Travis di'cw attention 
^•0 the presence and importance of colloids in sewage. They brought 
forward^ a series of experiments which demonstrated that the 
removal of the colloids and other solids from the sewage con- 
stituted the initial purification effect and was the result of physical 
desolution operations, occurring under sterile as under natural 
conditions. They adduced a sequence of observations and ana- 
lytical data in regard to the practical working of contact beds 
which proved* that matters in solution or pseudo-solution which 
Ver^not calculable as sludge and which could not bo deposited by 
ordinary tank operations yet appeared as solid matter when 
^brought into intimate contact with surfaces. Physical factors 
exerted a preponderaVing influence when compared with bacterial 
factors, as was seen by the rate of deposition being so much in 
excess of bacterial resolution, the latter not being an immediate 
operation, but on*the contrary an operation completely effected 
only a^er the lapse of time. They concluded that sewage was, 
binder all circumstances and at all times, completely clarified by 
the dissociation from the liquid of its organic and some of its. 
inorganic constituents in a particulate condition, and not, as had 
been assumed, by the resolution and oxidation of such matters. 

^ These views were the* subject of the .most strenuous criticism at 
the time^ but they have received subsequently extensive support 
in the work of other investigators, amongst which may* be men- 

*J.> 1926s 3G9t. 
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tioned .that of F. R. O’Shaughnessy* and H. W. Kinnersley,® 
J. H. Jofenst^n,® jG.* J. Fpwler ’ S. E. Melling,® E. Ardem and 
W. T. Lockett,* F. Dienert,i® R. Cambier,ii H. P. Eddy,H and 
A. M. Buswell H. L. Long,^* anrf they are now becoming genet* ^ 
ally accepted. ^ 

Thege principles are lapplicable also to* the activated sludge 
process, p ts^exion with which some of the above work was 
done. A clear demons ;}ration of this has been given by W. 0. 
Travis, who shows that acti^^ Jited sludge differs from the soil 
and filter bed surfaces merely in the absence of a skeleton frame- 
work,^® and that, like l^ th soil^® and filtering surfaces, activated 
sludge is essentially a colloid, and activated sludge absorption 
simply a manifestation of its colloidal properties. The coagfllum 
which constitutes the beginning and the end of the process is a gel. 
Each individual gc] aggregate has been depc^sited, either in its 
original or in its coagulated state, from previous volumes of sewage, 
and when brought intimately into contact with incoming volumes 
of sewage assists in coagulating the colloidal solution, in absorbing 
the soluble and other impurities, and in attracting the organisms 
contained therein ; the degree and rapidity of such physical actions 
being strictly proportional to the amount of the gel and the con-* 
dition of its absorbing surface. The activated sludge process, 
equally with all treatment processes, is primarily and essentially a 
physical disruption effect, the sewage compound being split uf> 
into a coagulum of form-elements with absorbed products and a 
clear liquid. 

This exposition has received valuable confirmation in tha 
•rAnarks of J. A. Reddie^’ in the discussion on O^h aughnsssy’s 
paper, already quoted. He states that whether the method iwise 
is the older one of filtration or the more recent one of activated 
sludge, the primary action —the separation of J}he colloidal impurity 
from the liquid- is a physical one. Experiments at the Br^ord 
sewage worksiwith colloidal solutions had shown that the whole 

of the colloid was removed on passing th^ solution through a 

• 
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stejile filter of fine grade jiaaterial. More recent experiments sub- 
stituting activated sludge for the fine ^ade ^naterial showed that 
an activated sludge when stirred up in one of the colloid solutions 
removed the wholq, of the coUcid fiora the liquid, even when the 
sludge was previously sterilised by boiling. There appeared to be 
ah adsorption of the cdloidal matter present by the filter material 
and by the sludge ppticles.’ * 

Observations have been made on the nitrogen cyble iii' the acti- 
, vated sludge process by A.M.BuswtII and S.L. Neave.^® They 
succeeded in making out a nitrogen balance table for two months’ 
working in winter and for eight months’ working from May. During 
the first period there was a net loss of 043%, and during the second 
period a net gain of 1-8%. They consider that these results are 
within the limits (.)f experimental error, having regard to the 
difficulties of average sampHng, and afford no foundation for the 
view that there is a fixation of atmospheric nitrogen during the 
process.^® There is, however, a change in the form of the nitrogen 
during the process, the nitrogen in ammonia, nitrites, and nitrates 
being converted into protein nitrogen to form the bodies of the 
organisms present in the sludge. 

From a study of the microbiologj^ of activated sludge, A. M. Buswell 
and H. L. Long take the view that purification is accomplished by 
ingestion by protozoa and by assimilation by bacteria of the 
Qrganic matter in the sewage and its re-synthesis into the living 
material of the sludge flocks. In this process the organic matter 
is changed from colloidal and dissolved states of dispersion to a 
state in which it settles out. 

, ‘ Practical Studies. 

'Kifc disposal of sewage is an ever-growing ])roblem. Although 
•the Birmingham, Tame and Rea District Drainage Board already has 
an area of 52 acres of percolating filters, it is necessary to add an 

acre of filter bed ]jer aMiura to keep pace with the increasing 

volume of sewage. Recently large-scale experimerlts were com- 
"pleted on the aeVvated sludge process, comparing aeration by 
blowing w'kh aeration by agitation.^^ It was found that the 
sewage was amenaWe to either the air blowihg or the agitation 
method of treatment, and that a tank hquid forms a better subject 
for purification than crude sewage, since 60% of its impurity can 
be removed by an hour’s efficient flocculation. It was found also 
that the flocculated tank liquid eould be treated at double the 
usual rate on a*. percolating filter. 

Upon fhese findir^s it has been decided to construct an installa- 

^^^lU/noia State Water Survey ^ BuU, 18, 1923, 68. 

Gi J. Fowler, J. Indian Inst. S<yk, Z, 26o, 
lUinMs State PTcrfer Survey, BuU. 18, 1923, 82. 

“ J. B. Watson, Cim^actora' Record, 1923, ZAi, 1939, d968. 
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tion embracing adaptations of th^usuaj activated sludge practices. 
It appears bjtter J:o»leavc^any description of these proposals until 
they have been completed and results of their working are available. 
O’Shaughnessy desires 22 that tlii# process sl^mld be called the 
“ flocculated sfudge ” process, which, he says, strictly means “ the 
convenient application of the principles •involved at discretfbn 
and accordi’^gf to practical requirements,” notwithstanding that 
flocculatfon ia inherent in all pnrific8.tion processes. If a change 
of name for the activated sludge' T)rocess is desirable, that suggested 
by Travis^^ — the aerogel proed^s — ^would appear to be the most 
suitable, as it embodic^ the two distinguishing features of the 
process, the gel— the foim in which the deposited colloids exist in 
activated sludge - and the air, the association of which with tlue gel 
is necessary for th^ maintenance of its activity. 

Experiments on activated sludge process have been con- 
ducted by the Illinois Stale Water Survey for some years. Since 
the war a new series has been started, and the results have been 
published by Buswcll and his colleagues.^'* A Dorr-Peck tank 
was used, the principal features of which are that during aeration 
the sewage and sludge circulate in a path leading up from the 
aeration chamber and returning dowm a centrally situated cylin-^ 
drical well, and that the sludge returns automatically from the 
sedimentation chamber to the aeration chamber. The air used 
was reduced to the ]xjint at which no nitrification took places 
This corresponded to 1 cubic foot of air per gallon, which gave a 
clear and rc^asonably stable eftluent. They deduce from this 
result that nitrification is not essential to the purification nrocess. 
^The sludge obtained amounted to half a ton per mihi ;n gallons. 
Its average moisture w^as 91)'74-%, and the content of nitrogen when 
dried was 5-63%. 

Much attention was paid to the difficult moblem of drying the 
sludge. The best results were obtained by ^e acid-heat-flotation 
process, in which the activated sludge an^ dilute sulphuric acid are 
admitted to the bottom of a tall cylindrical thaiiffber heated by a 
steam coil to about 50°, Sufficient acid is aSded to make the 
reaction of the mi}flbure pn to pn 5- Fine* bubbles of parbon 
dioxide arc evolved from the acidified sludge and carry the agglor 
merated particles to the top of the liquid, where they float as a 
cake. The moisture in the sludge w^as reduced from 99% to 93%. 
The floated sludge drained readily in three days to 85% of moisture, 
and no odour was defelopedi Other methods of dryiiig were tried, 
involving the use of a belt conveyor, a continuous filter, a^c^ntrifuge, 
and a filler* press, but none was satisfactory. 

^J., 1923, ^^T.* 

“ OorUfoctors^ Becordt 1920, 417. 

2 * IlUnm State Water Survey^ BuU. 18. 1923. 
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An extended investigation wafr made also on the biology of the 
activated sludge process. As the sludge developed there appeared 
to be a definite succession of forms appearing. At firat there was 
a predominance of minute csliates and flagellates, organisms 
characteristic of sewage. In a few days these diminished until 
thoy became negligible*, in number, and peritrichs, holotrichs, and 
heterotrichs increased. The ^peritrichs (especially vorticella) were 
the predominating organisms, numbering up to 17,000' per c.c. 
Nematode worms appeared some days after starting and increased 
to 4000 per c.c., but diminished again. The number of zoological 
masses at the start was about 100,000 per c.c., and increased 
after a week to a million, and after two weeks to 2 million, which 
nun^ber remained fairly constant. The zooglcea contained fila- 
mentous bacteria, beggiatoa numbering about 5000 per c.c. The 
conclusion come to is that the sludge particles are not amorphous 
organic matter, but are composed of a synthetic gelatinous 
matrix in which filamentous and unicellular bacteria are imbedded, 
and on which various protozoa crawl and feed. 

At the New Jersey Experiment Station observations have been 
made*® on the biology of percolating filters. The slimy film on 
the surface contains algje and in the interior fungi. The film 
contains protozoa, in number up to 300,000 per c.c., and nematode 
worms up to 100,000 per c.c. A sloughing of the film was observed 
Jo take place in spring and autumn. 

The name of the Corporation of Glasgow must be added to the 
list of those Local Authorities in this country who have investigated 
the activated sludge process. In a report by the Corporation 
Chemist*® an account is given of a large-scale experimental plapt 
treating 200,000 gallons a day on the continuous flow system. 
In This installation, following the example of Sheffield, it was 
< decided to use mechanical agitation instead of compressed air as 
the method of aeration. The tank, of 80,000 gals, capacity, was 
divided so as to make a continuous channel 640 ft. long and 5 ft. 
deep. Aeration, was effected by four paddle wheels revolving on 
a shaft across the centre of the tank. The rate of surface ch;cula- 
tion in the^ tank was 1-25 ft. per sec. The plant was worked 
for nearly two years. Although fluctuations in the strength of 
sewage and variations in the character and proportion of trade 
waste present were frequent, the effluent was always well purified 
and stable. The analysis of the effluent during the last^month of 
working showed free ammonia 0*03 grain per gal, albuminoid 0*068^ 
oxidised nitrogesi 0*87, chlorine 4-55, and oxygen absorbed in four 
hoprs l-bOS. The absorption of dissolved oxygen varied from 

Rudolfs, Eng, News Rec.» 19£3, 18, 7/9. 

F. W. Harris, Report on the aetivated sludge process of sewage pwifhaHofh 
1923; J*, 1923, 945a] 
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1-23 parts to 0-26 part per lOO/K)^, mi\ an average over the whole 
period of 0*66 jDait. Aeration by mechanical agitation was 
successful, trierefore, in a ^ank of the length and depth given, but 
this was about the limit of its cajiability, for fttempts to increase 
the volume of "sewage to a quarter of a million gallons daily soon 
caused the efEuent to deteriorate. • ♦ ' 

The dcgr<"^ of aeratidh of the sewc^c in tljp agitation tank is of 
importance, ft was determined by aerating fresh sewage in the tank 
for 6 hours and determining th*- dissolved ox 3 ^gcn every half-hour.. 
This gave the maximum aera-:ion under the conditions. It was 
found that the dis^-olvefl oxygen began to increase at once after 
aeration started, and rob. quickly at first and then slowly until an 
amount ol 5-6 c.c. per litre was obtained at the close of the aer^ition 
period. This res Jt corresponded to 76% of saturation. The 
half-hourly samplin^^ was continued daily, and the average 
results for the first month, when the volume of sludge 
present was 18-5%, showed no increase in dissolved oxygen for the 
first half-hour, followed by a rise, slower than in the fresh sewage, 
to an amount ot 3*9 c.c. per litre. For the next two months, when 
the volume of sludge was 34% and 36%, there was very little or no 
dissolved oxygen in the first hour and a half, and then a gradual 
rise to 3 c.c. and 2-5 c.c. per litre. These results show that the 
consumption of oxygen by the sludge during the early period of 
aeration was more than the sewage could take up during that tim^ 
and that at the end of the period the aeration had not reached the 
maximum. 

The amount of oxygen required by the activated sludge in an 
^ration tank is difficult to determine accurately, bijt Karris made. 
* an attempt to do so. The dissolved oxygen was detertnined in a 
sample of the tank contents ; a duplicate sample was agitfftSS in 
a completely filled bottle for half an hour, and then the dissolved* 
oxygen determined. The difference between these two results 
gave the dissolved oxygen used by the^ sludge present in half an 
hour. This M^rence gave amounts varying l^tween 21 *7 and" 
38' 4 cub. ft., calculated on the whole content»of the tank. 1310 
corresponding figures per gallpn of sewage treated wepe 0-0062 and 
0-0092 cub. ft. Tfie consumption in a continuous flow tank wo^ 
be greater than in a closed bottle, and allowing for this as f ar ash 
possible, the amount of oxygen required by the biological process in* 
the aerajion tank was considered to be 0-0083-0-0124 cub. ft. of 
oxygen per gallon ^ sew^ treated,* corresponding to 0-04-0*06d 
cub. ft. of air. * # 

The amqunt of oxygen required by sewage, as distWt feom 
activated sludge, has begn investigated byO L. Peck,*’ who finds 
that where rW sewage is aerate its oxygen demand is satisfied at^ 

P Nms-Bec., 192a» 00, 622 ; J„ 1923, 471a. 



512 repouts or the progress op applied chemistry. 

an extremely rapid rate for. half S.n hour or so, after which the rate 
is slow, and that during the early period the r^tc i| not* affected 
by th^ presehce of activated sludge. He considers that treatment 
should consist in sedimentation® to remove the suspended organic 
solids, aeration alone to oxidse the readily oxidisablo matter and 
to° expel the gases of decomposition, and^aei*ation in presence of 
activated sludge to oxidise cdUoidal substances. During aeration, 
the air must be supplied in sufficient amount to maintain aerobic 
^conditions and to keep the sludge in suspension. The former is 
best effected by aeration from the bottom of the sewage, while for 
the latter mechanical agitation should be employed as it is cheaper. 

Activated sludge cannot be de-watered readily, and not by 
pressure alone, which has always been a drawback to the adoption 
of the process on a large scale. Recently the acidification of the 
sludge has given j)romisc of some success. Peck finds that when 
concentrated sulphuric acid is added to the sludge without agitation, 
and the mixture is heated to 30^, all the sludge rises to the surface and 
can be drawn off and drained. The amount of water in the floated 
sludge is 80%, compared with 09% in the original ; after draining 
for a day it is 77% ; after two days t)()% ; three days 59% ; and 
S/hree weeks 26%. These experiments have been developed into 
the acid-heat-flotation process, previou.sly referred to as employed 
by the Illinois State Water Survey. 

Another acid process wliich has been applied also to ordinary 
sludge is the Maclachlan process, in which hot sulphur dioxide is 
blown into the sludge until a hydrogen ion concentration coitcs- 
ponding to 3-8 is attained, when the solids coagulate. The 
sludge is then passed through a drum screen, whei’e the sheet of' 
solifi5f‘V)btained contains 80% of moisture, and may be air-dried 
.^without nuisance, 

A new sewerage artd sewage disposal scheme is in course of con- 
struction for the town of Prestatyn, on the North Wales coast. 
The sewage will 'be dealt with by storing it in largo tanks at the 
disposal site on thJj eastern boundary of the district. From the 
gravitation sfewer and rising main the crude sewage discharges into 
^ receiving chamber forming part of the storage tanks. The un- 
treated sewage will be discharged from these tanks one hour after 
the commencement of ebb tide, the outlet remaining open for 
discharge for four hours. The discharge pipe runs in the foreshore 
to low- water mark of of dinary spring tide.^® This is the scheme 
for a watering-piace and holiday resort with a population of 9000 
in the suiAmer months. Even at the present day , every new 
sewage scheme does not indicate progress in sanitation. 

u a ' 

** Peck, loc. cU, 

J. H. Blizard, Contractors’ Record, 1923, 24, 2063. ' 
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WAte. 

It hatf long^ bee«i dbnsid^red that there was a connexion between 
simple goitre or “ Derbyshire neck ” and water supply? The 
disease is endemic in several districts, and itf has been observed 
that 7% of the children may develop it. The cause is not kncivn 
with certainty. The d^ease has been attributed to the presence 
of a bacteii-rin in the water, to excess of iit)n and calcium salts, 
and to tke absence of iodides from the water. The enlargement of 
the thyroid gland in individual cases is attributed to a greater* 
physiological demand upon the functions of the gland than it can 
cope with normally • +]"■ gland therefore enlarges in an endeavour 
to supply the deficiency. The characteristic constituent of the 
gland is iodine in the form of thyroxin. One method of me*dical 
treatment has been the administration of the di-ied gland or of 
iodides, which has Kveii found beneficial. Rec. ntly ^ public health 
authorities in the United States and Switzerland have adopted the 
view that the disease is caused by a deficiency of iodine in the 
local water supply, and that it would be desirable as a measure of 
preventive medicine to make good this deficiency. At Rochester, 
N.Y., these preventive measures were started in the spring by the 
addition of sodium iodide to the water reservoir supplying th<? 
town. The quantity added was 16 lb. a day for two weeks. This 
amount was equivalent to a five-thousandth of a gram of iodine to 
a gallon of water, and was twenty times greater than the amourft 
naturally present. The treatment was to be repeated again in the 
autumn. The cost is estimated at 2000 dollars a year. It is con- 
sidered that this very small addition of iodine twice a yea’^ will be 
oBifficient to prevent the development of goitre in pcltsc un drinking 
the water. If the treatment is successful, it may help to seUle-’-the 
question of the cause of the disease. This is an unusual case of the, 
treatment of a water supply for the benefit jf the few and not of 
the many. It will be interesting to observe whether the drinking 
of the treated w,ater has any effect upon normal individuals in 
the town. 

Although in the States this open announcement of jjie chemical 
treatment of a watar supply appears to be received without demur, 
it is doubtful whethei? the same reception would be accorded to t 
aimilflr proposal in this country. It is fortunate, therefore, that 
the necessity for the present chemical treatment of the London 
water supply arose during the war, when it could be introduced 
without the fact beiSig announced in the daily presd. Even now 
very few consumers realise that they are drhiJing jchemically 
treated water. The history of the chlorination of Thames water, 
in the enthu^^tin wordstof A.,C. Houston, its author, “reads 

B. 0. Little, J. Amer, Water Works Assoc,, 1923, 10, 556* J., 1923, 
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almost like a romance. Eom Ind bred of the war^ It is still Ixi 
active operation, and, so long as the cost of cKoi^ne fpr sterilisation 
falls far shoH of the cost of coal for pumping, is likely to be con- 
tinued indefinitely.*^’®^ This yekr the saving effeet^d amounted to 
, £16,000. 

About 70-80 million' 'gallons daily of rayr Thames water is taken 
from the river at Be^l Weir, ^nd as it enters the Staines Aqueduct 
it is chlorinated to the extent of 0-5 part per milliih. The chlor- 
' mated water takes three hours to pass down the Aqueduct to the 
sand filters lower down the river. Although the water is filtered so 
soon as three hours after treatment, no taste troubles have arisen, 
or perhaps it would be more correct to say that no complaints as 
to taste have reached the Water Board. When the Thames is in 
high flood the treatment is discontinued, and Staines reservoir 
water, which has been stored for a very long time, is used instead. 
The effect of chlorination is to improve the water bacteriologicaliy 
about a thousand times. 

The New River, on the other hand, is sufficiently pure not to 
require sterilisation before filtration, except during the winter 
months. In this case, however, grave difficulties have arisen by 
f, the appearance of taste in the treated water. The taste-imparting 
substances appear to be absorbed by the filter beds and to be 
stored up for a period, after which they are allowed to escape, and 
’Continue to do so until all the taste substance has been yielded up 
by the filter. This unfortunate factor has been overcome by 
skilful dosage and the supplemental use of permanganate as a 
taste remover. 

In the Ne\^;' River also abundant growths of diatoms developfin 
thf^ring. Experiments have shown that rapid filtration removes 
those most successfully. A practical installation for this purpose 
* is being erected. 

In addition to its Veil known use as a source of drinking water, 
the Thames is used as a source of industrial water. A very import 
tant instance o^thet purification of the river' water, in this case the 
water from the tidal portion of the river off Beckton, fo^ this 
purpose hal been .put into service this year by the Gas Light and 
<Ooke Company, Ltd. The scheme deals with four million gallon# 
a day®® in a rapid filtration plant of duplicate units, consisting of a' 
settling basin and four filters each. 

The water pumped fron^ the river is delivered into ^a concrete 
chamber with baffles, whence it passed jnto a measuring channel and 
flows o\eT two'^rectangular brass weirs, one larger than the other. 
The exact'quantity of water passing over the larger weir is^measured 
and Recorded on an integrating rheograph. 4 definite portion of 

” J. Boy. San. Inat., 1923, 44, 63. 

* United Water Softeners, Limited, Wnginoer, 1923( 168. 
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tke waler pa^es by means of the'smaU^ weir into an automatio 
measuring apparai^u^, fitt^ with a chemical container and a 
chemical mixing valve so adjusted as to deliver the exact quantity, 
of lime necessaiy to coagulate an(f precipitate •the suspended and 
hardening substances contained in Thames water at Beckton. Tj^e 
lime gplution is prepared in two mixing •tanks, furnished with 
agitators, and yie solution passes by pipes to tlft chemical container. 

The water with the added lime solution falls into a long trough 
and then passes into distributmi’; channels communicating with the 
settling basins. These are constructed of concrete with sloping 
bottoms and hold 600,00'^ gallons, thus allowing nearly four hours 
for reaction and sedimentation when the plant is working at full 
capacity. For clearing out the basins, sluice valves and drains are 
provided, but thorough cleaning is required only about every ten 
weeks. The water cuters the settling basins under baffles and 
overflows the sill into a trough leading to the filters. During 
-passage through the basins the heavier impurities and a consider- 
able portion of the coagulated matter are precipitated. 

A system of communicating troughs stands over the filters from 
which the water overflows on to the whole superficial area of the 
filters. The total area is 2112 square feet, each foot filtering nearly 
80 gallons per hour. The filtering medium is sifted and graded 
quartz sand supported on a bed ot washed and graded gravel. 
Below the gravel is a system of collecting tubes furnished witfi 
safety strainers, by which the water is drawn off from all parts ol 
the filter at the same time. The water thus collected is discharged 
through a central pipe and passes through a ball control vrdve tc 
th^ automatic rate-of-flow controller. The ball valve operateb the 
filter outlet and ensures that water is always retained in thei^filtei 
bed to a certain level ; also it retards the outflow after cleaning, sc 
that time for the formation of the surface fil^ji is given before the 
full discharge takes place. The rate-of-fle^ controller is situated in 
an outer inspection chamber, and consists cssenti^ly of a floating 
piston attached to a moving throttle diaphrajn^ which opens and 
closes the outlet of the valve in accordance with the change of head 
in the filters. From»the inspection chamber, wh^re the appearance 
of the filtered water caft be noted, the water passes over a weir inti 
the filtered water channel to a reservoir with a capacity of 60,000 
gallons. 

A towel* is provided with a capacity* of 40,000 gallons in which 
filtered water is stored fcfl* cleaning th^ beds. ^Ihe cleaiising 
operation^ is performed by agitating the filtering medium with 
compressed ftir at a pressure of 3-6 lb. per sq. in. for aboul^two 
minutes. A reverse curreift of water is then supplied to the pnder- 
side of the filter bed, and in its passage upward tl^ough thb ^ 
impurities deposited on the sand are floate(^ off into conneoiz^ 
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waste troughs and pass into a drain. The cleansing process takes 
about ten minutes. , *■ ,, ^ 

The^ filtered water is used throughout the works for all purposes, 
excepting steam-raising. ' , 

Jn the States the subject of taste and odour after chlorination 
has been studied by H. Waring Tljere the towns of Cin- 
cinnatti, Columbus, 05 nd Tofedo receive river waters which have 
been treated with a clarifying agent, such as ferrous sulphate and 
‘ lime, or aluminium sulphate, rapidly filtered and then sterilised 
with chlorine. At any time when the rivers arc in flood it has 
been noticed that an “ earthy ” odour and taste develop in the 
chlorinated water, or if the river has been low and frozen over 
that a grassy ” odour develops. These odours subside when the 
rivers begin to return to normal conditions. Chemical deteriora- 
tion of the wster accompanies the periods of taste ; the oxygen 
absorption increases and the dissolved oxygen decreases. It is 
evident that the usual oxidative changes are occurring in presence, 
of insufficient dissolved oxygen, and to these partially anaerobic 
conditions is ascribed the production of taste and odour. It was 
found that the matter could be remedied by slightly increasing the 
« amount of coagulant used, an excess of 2-3 grains of aluminium 
sulphate per gallon being sufficient. It is considered that the 
remedy would be facilitated by aeration of the water. 

' The effect of slight acidity in rendering water safe to drink has 
long been recognised by the use of tablets of acid potassium or 
sodium sulphate. This arises from the fact that many bacteria 
are very sensitive to the reaction of the culture medium, and 
therefore Jo tSie reaction of any natural water in which they mighj 
be^pupsent. This point has been investigated at the Marine Bio- 
^ logical Laboratory at Plymouth,^"^ and W.R.G. Atkins states that 
water-borne bacteria might be killed by altering the hydrogen ion 
concentration of the wjjter, using, however, alkalis rather than 
acids as being more convenient to handle. Town supplies arc 
normally between 6*8 and 8, which range is favourable to 
the survival of the typhoid and cholera groups of organisme. By 
addition ol potassium or sodiunf carbonate the hydrogen ion 
Concentration could be altered to p,i 10 *5,. which would suffice to 
kill the organisms mentioned. This might be done very con- 
veniently in the case of local water supplies by the addition of wood ‘ 
ashes, only a small quantify being required. 

Disinfbctakts. 

testing the germicidal power of a disinfectant it ns convenient 
to compare its action with that,of a p^e chemiq^L substance, for 

J. Awer. Foter Worlca Assoc., 1923, 10, 75 ; J., 1923, 419a. 

»* J. Smt Med,, 1923, 81, 223. • • 
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which purpose phenol is nearly %lwax8 used. The specimen of 
crystals .used is examined for purity Ijy the bromine titration 
method. * * • 

J. T. A. Walker andJ.M. Weiss ^ point outtjjatthis metho*d does 
not indicate tfie presence of small amounts of cresol in phenol, 
the cresol being returned as phenol. This# failure to indicate fhe 
presence of r’;cBol mlgh^ lead to grave errors^in practice, as cresol 
is throe times^^as strong a germicide as phenol. They synthesised 
phenol from pure benzene, and found that the solidifying point of, 
the melted crystals was 40*5^ This was in agreement with Eger’s 
result of 40*9° for the substance.^® 

Commercial samples pure phenol after drying had solidi- 
fying points of 34-4°, SS'", 38*8°, and 30*9“. The correspoiiding 
amounts of cresol, by calculation, to these figures were 12, 4-8, 3*4, 
and M%, which e^reed closely with the results of analyses. 
These amounts of impurity would be likely to cause differences 
in results in practice, according to the sample used as standard. 
A very interesting experiment on this point was made, the 
carbolic acid coefficient of the same disinfectant being determined 
by the RidcahWalker method with each sample of phenol in 
succession. The coefficients obtained were 10, 18-5, 19, and 20: 
and 20 also with the pure synthetic phenol. The possibility oi 
such differences would be of importance in a strict comparison 
of the germicidal powers of different disinfectants carried out 
in different laboratories, and especially in testing disinfectants 
supplied under contract. 

The authors recommend that the purity of a specimen of phenol 
, t<» be used as a standard should be determined by 4ln ohdifying 
point method, and that no phenol with a solidifying point below 
40° should be considered pure. * 

Medical Officer, 1923, 29, 22G. 

Pharm. Zeit., 1903, 210. 
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ilNE CHEMICALS, MEDICINAL SUBSTANCES, 
AND ESSENTIAL OILS 
By Harold King, D.Sc., 

DepartmeiU of Biochemistry and Pharmacology, The National 
Institute for Medical Research, Hampstead. 

Animal and Bacterial Products. 

During the past year two important communications have 
appeared by H. W. Dudley^ and by J. J. Abel, C. A. Rouiller, and 
E. M. K. Greiling,2 dealing with the pituitary hormones. The 
former worker found that a crystalline picrate could be isolated 
from the butyl alcohol extract of the aqueous digest of the glands 
possessing the characteristic action of pituitary on plain muscle 
Joxytocic effect) and on the blood pressure, and in its activity 
equalling histamine. This picrate was identified as potassium 
creatinine picrate contaminated by a trace of active material. By 
crystallisation from alcohol the active substances j*emained behind 
in the solvent and were divisible into an acetone-soluble, R, and an 
acetone insoluble, A, fraction. A was twelve times as active as 
histamine on the guinea-pig’s uterus (oxytocic effect) and tested on 
the blood preisure showed a strong pressor effect but was free frem, 
depressor constituents, whereas R had one-twentieth the oxytocic 
activfty of A and produced a strong depressor action followed by a 
' moderate pressor action. This and other evidence supports the 
earlier conclusions o^ Dale and Dudley that there are at least two 
principles if not three. ‘ These results may be contrasted with 
those of Abel and hk^ co-workers, who use new aJlsorption methods 
for purifying the dutive principle. Their purest preparation, which 
was matched against histamine phosphate, had^an oxytocic activity 
dOOO lo 1250 times as powerful. A dose pi 0*01 mg. raises the 
blood pressure of a cat and 0*05 mg. produces a marked diuresis in 
rabbits. No methods have hitherto been successful in the hand9 
of the authors for the division of the product into fraQtions with 
different physiological activities as foupd by Dudley. The product 
is still a^ varnish, but its aqueous and alcoholic solutions no longed 
produce ]()recipitates with picric or picrolonio acids, * mercutib , 

ft < , i'- 

» J. Pharm. Exp. Ther., 1923, 21,^03 ; /, 1928, 124, U m , 

•J. ArMf. Med. Assoc., 1923, 80, 1876; Rep, IrUemat, Physiol 
Edin., 1923 ; J. Pharm. Exp. Thor,, 1923. 22. 289. " ' 
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chloride, or taxmin, and phosphoiungstic acid only pr^ipitates it 
incompletely. The povel methods ado^d for its purification have 
recently beefi published ifl. detail and are thought suitable for the 
isolation of secretin and insulin. • • ^ 

Some years ligo Richet isolated two crude poisons, thalassin and 
congestin, from the sea-anemone. A pu^e crystalline toxic oon- 
stituAit has now been •isolated by p. Ackermann, F. Holtz, and 
H. Eeinweini^ From 33 kg. of Besi,-mQmon^{Aktinia equina) they 
obtained 12 grams of tetramethylammonium chloride, a new con- 
stituent of the plant or aiA<4 ai kingdom, characterised by it^ 
intense curare action on the frog, 0-01 mg. producing complete 
paralysis in 3 minutes. 

The naturally occurring amino- acids are valuable experimental 
materials, and thei" availability at a reasonable price is much*to be 
desired. A useful process for isolating arginine, 

NH : C (NHg) CH (NH,). 

has been described by A. Kossel and R. E. Gross^ by means 
of a specific precipitant in the 7-sulphonic acid of Martins 
Yellow (2.4-dinitro-l-naphthol-7-sulphonic acid). Protein hydro- 
lysates freed from excess of acid give a precipitate of the arginine 
salt of this sulphonic acid, which salt has a solubility in water of 
less than 0-2%. * 

The modern science of bacteriology is one of wonderful technique, 
so that delicate phenomena covered by such terms as agglutinatign, 
complement fixation, precipitin formation, of which the chemical 
basis and mechanism are almost unknown, are reproducible with 
precision. Some interesting and probably significant observations 
ure recorded by M. Heidelberger and D. T. Avery, have made 
an attempt to isolate the substance from the cultural fiuid in which 
pneumococci are grown in vitro which precipitates specifibaily in 
anti-pneumococcus serum. By fractional precipitation of 75 litres 
of broth in which pneumococcus had beeif grown, by alcohol or 
acetone and finally ammonium sulphate, one gram of a varnish has 
been obtained containing 1*2% of nitrpgen, lb was essentially a 
polysaccharide, giving 79% of reducing sugaft on hydrolysis ajid, 
yielding glucosazqne. It g^ve a reaction with immune sera at a 
dilution of one in three million. This suggests an un^pecij^^ 
specificity relationship between carbohydrates and bacteria. Ifi 
is, however, possible that the specific substance is nitrogenous 
only associated with the carbohydrate. 

To a similar category JpSlong some eqjially surprising results of . 

W. A. Perlzweig and G. I. Steffen.® In 1902 Kck isolated from 

• 

» Z. BwU 1923, 79, 113 ; J., 1923. 1245 i. 

V., 192e,/il47A. • . 

• J. Exp, Med., 1923, 88, 73. 

• J6fd., 1923„88, 181., 
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young typhoid bacilli “ coagulin B ” which gave a precipitate with 
immune sera, was protein-lree, soluble in alcohol, and resistant to 
heat and proteolytic enzymes. It would not, however, act as an 
immunising antigen,^ The two authors mentioned, working with 
pneumococcus, have isolated an immunising antigen by tryptic 
digt-stion and extractioiv of the digest with 70-90% alcohol. It is 
thermo-stable, non-li]gpidal, and non-toxic and contains only a 
trace of nitrogen. It appears to be very much simpler tha'n native 
J)acterial protein. It will be observed that three independent 
groups of workers studying the chemistry of different phenomena 
of great importance in serum therapy arrive at results which suggest 
that non-nitrogenous materials, associated with bacteria, play a 
signi^cant role in their reactions. 

Insulin.— AMhough. insulin has proved wonderfully successful in 
diabetic therapy, little is known as to the mechanism of its action 
or as to its chemical constitution. A summary of the methods, 
which have by no means reached finality, used for its isolation has 
been given by C. H. Best and 1). A. Scott.'^ The pancreatic glands 
are extracted with 95% denatured alcohol acidified with acetic 
acid. Aqueous extractions have been tried but the product is 
niuch less easily purified. The methods used for purification are 
five in number, (1) precipitation by half saturation with ammonium 
sulphate,® (2) precipitation by adjusting the hydrogen ion concen- 
tration® of the medium to the isoelectric point, about (3) 
adsorption by benzoic acid from aqueous solution,® (4) adsorption 
by charcoal,® (6) precipitation by picric acid.^® The last-mentioned 
method has the advantage that the insulin can be obtained as a 
stable powder by conversion of the picrate into the hydrochloride 
by means of* alcoholic hydrochloric acid and ether. Such a product 
was foitnd by Dudley to be free from phosphate and organically 
oombined phosphorus, to give Molisch’s reaction for carbohydrate, 
the biuret, Pauly, ana organic sulphur reactions. It was fairly 
stable to acids but much ‘less to alkali, and was destroyed by 
pepsin and by trypsjp. Jt was also non-dialysable. Its com- 
plexity is evidently greater than was at first thought to be the case, 
being of quite" a different order from /he pituitary and suprarenal 
pijuciples. 

J . B. CoUip, who contributed to the large-scale development of 
bhe isolation of insulin,^' has turned his attention to the occurrence 
of insulin-like substances where glycogen is present in nature and 
has isolated from yeast, w*heat leavbp, onions, lettuce, barley 


’ J. Biol. ChemT, 1923, 57, 709; Ahs., 1924, B, 112. 

®E. A. Doisy, M. Somogyi, and P. A. Shaffer, ibid., 1923, 55 , ^1. 
®P*J. Moloney and D. M. Findlay, ibid., 1923, 57, 359, 709. 
u ^iochem. J., 1923, n7, 376 ; J., 1923, V45a. 

H Chem. ^Abst., 1922, 16, 31 1 5. 

^Nature, 1923, lU, 571 ; J. CJwm. Soc., 1928, i, 728» 
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root, and clam tissue, a crude firodi^pt wliich has the action of 
insulin hut in whicl^ the effect develops much more slowly. The 
principle in ^ants is called glucokinin. A similar preparation has 
^ also been made from yeast by H.»B. Hutchii^on, W. Smith, and 
L. B. Winter.^* It is too early to state whether this product from 
these sources will have any commercial application. 

GlucosidIis. 

The assay of digitalis is usually effected by a biological method, 
although chemical methods Vt.'c been proposed. Martindale* 
proposed a colorimetric method depending on the reaction with 
Frohde’s reagent (amm. tium molybdate in sulphuric acid). A 
new method has recently been evolved by A. Knudson and M. 
Bresbach, depending on an observation of Baljet, in 1918, 'who 
showed that digitalis glucosides gave an orange-red colour with 
alkaline picrate solutions. These authors haw* applied it to the 
quantitative assay of a number of digitalis tinctures, fluid extracts, 
and infusions and find a close correspondimcc with the biological 
method.^® Still more recently they have extended it to stro- 
phanthus. In cither case, the tincture, for instance, is decolorised 
by lead acetate, the lead removed as phosphate, and the liquid 
treated with an alkaline picrate. The maximum colour develop® 
in 20 minutes and is compared with a standard such as ouabain or 
bichromate. In both cases the chemical assay is claimed to give 
an estimate of potential cardiac activity.^® • 

The inter-relation of the animal and vegetabl eheart poisons, 
the phytosterols, and terpenes has been emphasised in previous 
Reports.^’ A recent paper by A. Windaus and G. Brandte '^mtlines 
a*research in this group which is likely to have far-re* ohing con- 
sequences.^® In a former paper Windaus and Hermanns^® ^inted 
out that the sugar-free products of the heart poisons are hydroxy 
lactones and have probably a similar carbon gkeleton loaded differ- 
ently with oxygen. Thus antiarigenin js CgiHggOg, digitoxigenin 
C22H32O4, digitaJigenin C24H32O3, strophanthidin (cymarigenin) 
C23H30O5, or according to Jacobs and Weidlblj)erger*® C21H32O3, 
aud bufotalein C24H3QO3. Digitilanum verum has nqw been pre- 
pared pure in a yield of 22 g. from 17 kg. of digit&lis seeds, and melts 
at 211°-212°. By catEflytic reduction with palladium and hydrogefi, 
the genin, digitaligenin, absorbs six atoms of hydrogen, forming 
hexahydrodigitaligenin, C24H38O3. As its three oxygen atoms are 

“ J. Biol Chim., ms, 56, M3 ; J., im, 856a. 

Nature, 1923, 112, 205 ; •Biochem. J., 192?, 17, 683. 

J, Pharm. Exp. Ther., 1922, 20, 205. * 

Rep. Internal. Physiol Gong., Edin., 1923. 

Ann. Repts., 1^22, 7, 4S5. 

“Ber., 1923/66, 2001 ; J., 1923fll60A. 

1915, 48, 979; J., 1915, 851. 

®V. Biol Clmm, 1922, 44, 253. 



022 ^ BKPOiKrs or USE fboqbsss or applied ohemisxby. ^ 

'* ■ >1# < - , , 

present as a lactone and a |iydr(xxyl group it possesses 8 atoms 
hydrogen less than a saturated lactone of th^, paraf&n series with 
C24. It contains therefore four rings, ^s do chblestWol, the bile 
acids, and bufotalan, the reduction product of bufotalein, with 
which it is isomeric. It differs from bufotalan in that its OH group 
is Hsecondary, yielding,, a ketone on oxidation and a lactone 
C24H38O2 on reduction of the ketone by' Clemmensen’s m^hod. 
This substance without the OH group no longer gives the well- 
-known colour reaction with acetic anhydride and sulphuric acid. 

The authors propose to examine in a similar way periplocin, 
ouabain, digitoxin, antiarin, and scillaren to see what is the inter- 
relation of the saturated reduction products. 

Essential Oils. 

At the present time thymol is the focus of attention and wide- 
spread interest. As an antiseptic it is a product of considerable 
commercial importance, and it is either being made or processes are 
being worked out for its preparation by at least four or five 
methods. In addition, it can serve as the basis for the preparation 
of menthol, the optically active variety of which is practically a 
Japanese monopoly. Before the war thymol was sold at 7s. per lb., 
in January of this year it was quoted at 17s. 6d. per lb., and in 
November at 13s. 6d. per lb. The chief natural source of thymol 
is ajowan seed grown in India, whence the whole crop was formerly 
exported to Germany. In the last few years it has been manu- 
factured in Central India on an extensive scale, and 10,500 lb. of 
thymol was exported^ from India in the two years ending June, 
1919. Erance has no natural supply of thymol, and suggestions 
have been.m^de that Ocimum gratissirnum, which grows on tfie* 
Ivory /k)ast, should be cultivated.^ The oil gives 44% of phenols, 
^chiefly thymol. 

Synthetic thymol i^, however, likely to be a serious competitor of 
natural thymol. It is no;w being manufactured in Australia from 
piperitone by an oxidation process in 90% yield.^ »Piperitone or 
peppermint keton^^ *bfferfed to British manufacturers at 4s. fid. 
per lb., is ^obtained from the Eucalypts, trees indigenoift to 
Australia but not at present cultivatfed. It is stated that Germany 
a prepared to take the whole of the eucalyptus oils that Australia 
- can produce. 

Another potential source is cymene, the by-product in the 
sulphite-cellulose industry, of which fwo millipn gallons‘1fl wasted 
annually in Canada and the United States. The Phillips pat^, 
dedicated fo tfie people of the United States, points put that 
^ ^ympl costs 4-5 dollars per lb. and claims that the syiTthetic could 

Pgrf. Euerd. Oil Bec.t 1920, 11» ^97. 

14,154. 

« IMiL. ms. 14. 
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be made for 2*5 dollars per lb>*«l;5evqfral diieimcal manotactiirers 
have become interqpted in this patent* which is an improvement 
on previous processes ’Cymene is nitrated, the product reduced 
to cymidine, which is sulphonated and a ngw method i&ed for 
elimLiating tSe amino-group by conversion primarily into cymyl- 
hydrazinesulphonic acid. The hydrazine ^oup is removed andrthe 
sulpfionic ae\d finally Aised. with potash.^® Another allied process 
has also* heeif patented by R. 11. McKee who sulphonates spruce 
turpentine with fuming sulphuric acid with production of mixed 
sulphonic acids, which on fiL-iin with caustic soda 3 deld thymol 
and carvacrol. 

In England and in 0 rmany patents have been taken out by 
two firms for the preparation of thymol by condensation pf sul- 
phonated m-cresc^. with isopropyl alcohol, the sulphonic acid 
groups being removed by steam. The process is based on a dis- 
covery of Mazzara,-^ who used anhydrous magnesium chloride as 
condensing agent. An improved process has recently been patented 
by Howards and Sons and J. W. Blagden,®® in which sulphonation 
is avoided by use of phosphoric acid. The starting materials for 
the preparation of synthetic thymol are shown below : — 

OH 



p-Cymorie. 


/ 


_OH 

Thymol. 


. CH-CO . 

. MoCf 

Piporitone. 


Closely linked with the chemistry of thymol apd pipvfitone is 
that of the menthones and menthols. The subject is more iiiVolved 
than a perusal of the patents would indicate, owing to the 4act that 
menthone exists in two forms, menthonc and isomenthone, the 
former of which on reduction gives rise to laenthol and neomenthol 
and the latter to isomenthol and neoitomenthol.®^ Each of these 
can occur in* optically active modifications. H-p. Smith and A. E. 
Penfold claimed that piperitone on re!&uctiOE with hydrogen and 
nictel at 175°-180°gave an g-lmost quantitative yield of menthbne, 
and this on redudlion with sodium and moist ether gave ^entj^oh 


** Ibid., 1923, 14, 26. 

Ann. Repta., 1919, 4, 497. 

*«M. Phillipfl, J. Amer. Ghem. Soc., 1923, 46, 1489 ; J., 1923, 742a, 

« ra.P. 1,449,181 ; J.. 1923, 521a. * 

** Badische Anilin u. Soda Fabrik, E.P. 186,202 , J,, 1923, 
Howards and Sons and J. W. Blagden, E.P. 197,848 1948, 743a,, 

>• (?az*. CWm., 1882, 12, 505. * } ^ 

"E.P. 200, 16f; J., 1923, 960a. • .i 4 

«R, H.*Blbkard and W. 0. IHttlebiiry, J. Chem. 8oc.» 1912, Iflt IW 
1912, 467. 

, ®»Pfvo. Boy. Soo. N.&W., 1920, 64, 40 ; J.. 1922. 78a* 
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This does not, however, agree with, the recently published obser- 
vations of R. S. Hughesdon,^H. G. Smith, and J. Read,®^ who^reduced 
d/-, d-, and Z-fpiperitones in presence of palladium at ^ 25® or nickel 
at 1 80*^ with production of dl-, d?, and ^-isomenthones respectively. 


_()H 

/ ]Vle<^^CHMo2 \ ,, 

>CHOO. ‘ rp, 1 / 

ItOf >CH CHMea MeC'H( 

r\CH.CH/ . / / ^ 

Piperitone. \ / / 

MoOH< “ X'HdiMoj 


CHg ClMOH V 

>CH.CHMea 

- CHj-OHa 

Menthol. 

Noomeiithol. 

Isomenthol. 

Nooisornenthol. 


Mentliono and isomontlioiio. 


Again these latter workers find a bimolecular ketone as the main 
product of the electrolytic reduction, whereas Penfold and F. R. 
Morrison®^ obtained a quantitative jdeld of isomenthone. 

The Rheinisclie Kampfer P'abrik^''* have patented the reduction 
of thymol to the menthols by heating with hydi'ogen under pressure 
in the presence of nickel, cobalt, platinum, or palladium. The 
product is a solid inactive menthol (or menthols) and a liquid, which 
latter can be dehydrogenised by copper or nickel oxide to the 
menthones and the latter rc-hydrogenised with production of more 
sqlid menthol. British firms have put on the market^® an optically 
inactive solid synthetic menthol, m.p. 28°-30^ (natural ^-menthol 
45°) and a liquid synthetic menthol. Both of these are probably 
mixtures. The production of ^-menthol in good yield by reduction 
of an optically^ active piperitone, the goal of the present work, ^ 
not likely to be realised without a great deal more spade-work. 

The striking progress in the elucidation of the constitution of 
the sesquiterpenes recorded in last year’s Report^’ has been well 
sustained. The only ‘known aliphatic sesquiterpene alcohols arc 
nerolidol and farnesol, both of which have now been synthesised 
by Ruzicka starting {jrom^geraniol.®® 


/CMe 

OH* 


CH* 


CH 


/ 


CH 


CH* 


CMeOH 


\ 

CH 

ji 

CMea 


\ch/ 


Nerolidol. ^ 


^CMe^ 

(JH, 

1 

CHa 

\ 

CH 


CHaOH Jltfe 
\ oh/ 


CMoo 


''Famosol. 


»> ChefrA l^oc. Trans., 1923, 128, 2916. 

Nature, 1923, 112, 639. 
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Nerolidol is used in perfumery as fixative for more volatile 
odorifeious nerfum^s ; its synthesis h#s been covered by patent 
and is being* worted commercially.®® • 

The same author has advanced* strong evidence that the* sesqui- 
terpenes are closely related and are built up from three isoprene 
skeletons, shown by the dotted lines in the formula for nerolMol. 
Many of th^*^ on boilin*g with sulphur give one of the two naphtha- 
lene hydrocarbons, eudalene J) or cadalene (11), the carbon 

Me 

/W^ /\/"x /\/\ 

1 Me l*r 

III. L H. IV. 

skeletons giving ris> to these being called the cadinene type (IV) 
or the eudesmol type (111) ; a- and j3-selinenes from oil of celery 
belong to the eudesmol type, as both have now been converted^ 
into eudalin, and the same applies to a-santalol and a-santalene. 
Caryophyllene^^ from oil of cloves or hops does not at present fall 
into this scheme, nor does the new sesquiter]>eiie d-longifolenc dis- 
covered by J. L. Simonsen.'*® ^ 

One of the fij’st examiilos of the use of sulphur for dehydrogena- 
tion was its act ion on ahietic acid with production of the hydro- 
carbon reteno (I). L. Ruzicka'and F. Balashave now shown that 
d-pimaric acid gives a hydrocarbon^® which is probably a dimethyl- 
Iihenanthrene (II). The large group of pine resin acids is thus 
coming under control in just the same way as the sesquiterpenes. 





Mo 


\_/ 


I. 




II. 


A number of interesting constituentl^ of essential oils have been 
recorded during the past year. F. Roghusi^n^h has examined the 
phenolic and acidic ])ortion of camphor ^il accumulated by 
Schimmel und (Jo., and ftnds 4-ethylguai£g;ol iif the phenolic 
portion and hexoic, optoic, and citronelhc acids in the ratio 1 : 25 ^2, 
in the acidic portion. A. R. Pcnfold and F. B. Morrison*® hav^ 
isolated a new phenol ether, CnHigOs, croweacin, from the essential 


Perf. Esaent. Qil Rec., M>23, 14, 29?>, 

*®L. Ruzicka and M. Sfoll, Hclo. GMm. *Acta, 1922, 6, 923 ; J,, 1923, 
102a. • . 

E. Deussen,*^. angew. Chem,, 1923, 86, 348 ; J, Chem. fi^oc., 1923, i., 818. 
Chem. Soc. ((;ram„ 1^23, 123, 2642 ; J., 192^ 1247a, 

« miv. Acta, 1923, 6, 6T7 ; J., 1923, 1247a. 

«« J. prakt. Chem., 1922, 105, 120 ; J., 1923, 1043a. 

*^Perf, Eaaent. Oil R*c., 1923 ,^ 14 , 258 . 



oil of Erwstemon Cromi, in ^hiclf it occurs to the extent of 90%. 
It has an odour of safrole and is isomeric with my^isticjn. 4-Meth- 
oxyresoycylaldfehyde, with an odour resembling vanillin, has been 
isolated from the roots of Decal^pm Hamiltonii by JM. G. S. Rao 
and M. S. Iyengar.^® This substance was also isolated many years 
ago^by E. Goulding and R. G. Felly from an allied specigs of 
chlorocordon. Two isomeric ^ sesquiterpene alcohols, a- and p- 
fusanols, isomeric with the two santalols, have been isolated by 
B. S. Rao and J. J. Sudborough from West Australian sandalwood 
oil.®® 

Anesthetics. 

Gemral Ancesthetics . — Brief mention was made in last year’s 
Report®® to recent claims by Cotton in Canada, and Wallis in this 
country, that pure ether is not an ansesthctic. Cotton ascribed 
the anaesthetic properties to the presence of ethylene or carbon 
dioxide, whilst Wallis attributed it to ketones “middle members 
of the series,” and as a result of his researches introduced 
“ ethanesal.” Such surprising statements and claims have, during 
the past year, been submitted to close experimental examination. 
]^. L. Stehle and W. Bourne prepared ether by the interaction of 
sodium ethoxide and ethyl iodide, and after purification found 
that such ether had in the highest degree the anaesthetic pro- 
perties usually attributed to it. The present writer, in collabora- 
tion with H. H. Dale and C. F. Hadfield,®^ has also prepared per- 
fectly pure ether distilling between 34-1° and 34-15® at 751 mm. 
in perfect agreement with the value 34-5® at 760 mm. recorded in 
the careful work on ether of Wade and Finnemore.®® Such ether 
tested on animals by Dale and on human patients by Hadfield 
induceef’ anaesthesia smoothly and easily, and maintained it just 
do the best commercial anaesthetic ethers. An examination of 
various batches of “ e^hanesal ” showed that it contained 95*5% 
of ether, 4% of normal buf^l alcohol, and a trace of an aldehyde 
boiling near the recorded boiling point of butyric aldehyde. There 
was no evidence of ''the presence of ketones. Similar conclusions 
have been arrived at by W. Storm v. Leeuwen,®® )vho at the request 
oti Du^h firm investigated the question of p?u*e ether anassthesia. 
"JSe found that ethers of various degrees of purity differed little in 
their narcotic action, and pure diethyl ether prepared from the 

^ *« Perf. Eseent. Oil Rec., 1923, ‘ 14, 2, 300 t J„ 192a^ 948i.. 

« jr., 1908, 354. 
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»• Rep, Intern. Physiol Cong., Edm.^ 1923. 
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^ ether of orystallisation of benzidine b&d also the same narootii 
action. • 

Of oonsidetable interesf to ether manufacturers are some^funda 
mental observations of J. B. Seilderens®* op^the catalytic dehy 
dration of alcohols by dilute sulphuric acid. A mixture of prow 
alcohol, 100 C.C., and sulphuric acid, 75 c.c*, boils at 140° and gfve 
mainly proj'ylene, butf witji only 40 c.c. pf sulphuric acid tbb' 
boiling point Hs 125°, and 30% of propyl ether is produced. Tlus 
favourable lower temperature can also be maintained by usu% 
300 c.c. of dilute sulphuric aci J corresponding to H2S04,4H20 and 
the yield of propyl ethrr is 40%. Similar considerations apply to 
the preparation of the tchers from ethyl, isopropyl, butyl, isobutyl, 
and isoamyl alcohols, the proportion of acid required to produce a 
certain result decreasing as the boiling point of the alcohol increases. 
In the preparation of methyl ether from methyl alcohol the effective 
hydrate is H2S04,2H20 and the boiling point of the mixture 
160"-165°. 

A different process for the preparation of normal and mixed 
ethers has been patented by C. B. Carter and A. E. Coxe®® in the 
United States. The process depends on the interaction of an 
alcohol under pressure with an ahphatic monohalide in the presence 
of caustic soda, the yield being almost theoretical with pure 
alcohol. 

CHaG+NaOH+CjHBOH^CaHsOCHa+NaCl+HjO , 

The important and much-discussed problem of the autoxidation 
of ethyl ether seems to be nearing solution, although complete 
agreement has not yet been attained. In 1922 Clover®* assigned 
Ijie formula CgHgU-CHMeOOH to the peroxide forpicr! from ether' 
. by the direct absorption of oxygen, and adduced evidence that 
hydrogen peroxide is not a primary product of the oxidation of 
ether. H. Wieland and A. Wingler®’ have approached the problem 
by a different route, from a dtudy of the antion of hydrogen per- 
oxide on aldehydes. Acetaldehyde giv«B dihydroxyethyl peroxide, 
2CH3’CIiO+HaOj7!:CH,CHOHO'O^CHOpC«8 
whiph on warming gives diethylidene diperoxide, an insoluble very 
explosive resin. 

2CH,CHOHOO'CHOH^CH8:^2CHsCHO-}-2H|04-CH8CH ' 

The authors have shown that dihydroxyethyl peroxide is identical 
with the oxidising substance founc^ in ether residues, and its 
formation is sugge^d on,fhe following lines : — * ' 

EtO'CH,OH*-l-0, - EtOCH : 

. ^ EtO*CH:CH,+H,0 EtOH-fCH,CHO • 

« Comptea rend., 1923, 176, 813 ; 177, i5 ; J., 1923, 860 a. 

«U.S.P.1469,177 ; J., 1923, tSlA. 

** J. Ajner. Ohem. 8oe., 1922, 44, 1107 ; J., 1922, 519a. 

AnneOen, 1963, 481»d01 ; J. Ohem. 8oe„ 1923, i,.6^. 



528 


BEPOKTS OF. THE PROGBESS OP APPLIED 


IMI9TBY. 


the acetaldehyde and the ,)iydr€#gen peroxide reacting, as shown 
previously, with formation of dihydroxyethyh peroxide. 

ConsideraMe progress has been maae with two new general 
ansBsthetics, ethyle^ie and acetylene. Ethylene, ^ a commercial 
product retailed in cylinders, has been used in 106 surgical cases 
as^ general ansesthetic with complete success, by A. B. Luckhardt 
and J. B. Carter*^® in. the United Stages. It is administered with 
about 18% of oxygen and has the advantage ovei nitrous oxide 
cin that anaesthesia can be maintained without signs of asphyxia 
and with complete muscular relaxation. Similar results are 
recorded in Canada by W. E. Brown and V. E. Henderson.®® In 
Germany a similar state has been reached in respect of acetylene. 
Pure^acetylene dissolved in acetone under pressure is marketed by 
Boehringer under the name “ narcylene.” Owing to the charac- 
teristic odour of the pure material it is masked by perfumes®® 
such as geraniol, or oil of pine, and any traces of acetone carried 
over during its use as an anscsthetic are removed by bubbling 
through water. H. Wieland and C. J. Gauss®^ record its use in 
515 cases, chiefly surgical, without accident. Anaesthesia is 
commenced with 60% acetylene, but afterwards the concentration 
pan be much reduced, even to 25-30®/o. As 3®/o of acetylene or 4®/o 
of ethylene mixed with air forms an explosive mixture, such con- 
centrations must never reach open flames. This aspect of the 
problem of these new anaesthetics is now receiving attention. 

Local Ancesthetica . — Progress in the discovery of new drugs 
proceeds in two directions, the modification of chemical structures 
of known physiological action and the more difficult production of 
entirely new chemical types bearing no recognisable similarity ^of 
structure to known types, but still possessing the physiological 
property under consideration. The publications of the past year in 
'local anaesthetics are illustrative of this in a greater or lesser degree. 
Benzoyl or substituted benzoyl derivatives of amino-alcohols as a 
rule show some local anae^i/hetic action. G. Tanret®® has prepared 
the 0-benzoyl, p-f*Amieiobe5izoyl, and cinnamyl esters of N-methyl- 
granatoline fl), and finds generally that the local anaBst^etic 
actions are more marked than those gi the derivatives of the lower 
ring hdmologue, tropine (II), 


CHg-CH-CHa 

(!lHa jlfMecilHOH 
(!h2-€H— c!h, 

Ic 


CHjj— CH— CHg 

* I ijMeCHOH 

CHjf-CH-CHs ' 

n. 
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whereas R. Adams and S.M. MeBlrain'® find that the isogranatinme 
analogue (I) of cocajpe (11) is a toxic, weak t^thetio poncing 
incomplete aJisestJiesia of the rabbit’s cornea in 2%«solution. 


e) 


CHw-OH-CHOBz 

I f I 

CHj OHj CH COjEt 
iHctk'-CHj * . 


CH,^CH~CHCO,Me 
NMe OHOBz 

CBr-CH-OHa 

II. 


A patent has been appliefi f^r, for the production of amino^* 
benzoyl derivatives of l-raethyl-4-diethylaminopentanol-5 and 
2-methyl-4-dimethylaminopentanol-5, and C. Mannich and 
D. Lammering have described some benzoyl derivatives of 
j8-amino*alcohols which in some cases are claimed to be more patent 
than cocaine. They have unfortunately an irritant action. 

The relative local uieesthetic action of the series of homolopes 
of novocaine referred to in a former Report®* has been determined, 
by H. L. Schmitz, E. A. Rygh, and A. S. Loevenhardt.®’ Tha 
compounds examined were 


NHjCflH4C()OCH2CH,NKtj 
m,0,H,OOOCHyCH.yNPr, 
NH8-C«H4-C00CH20H2Ni8oPr., 
NH,-C6H4’COOOH2CH2N(C4H,)2 
Ethtuiol series. 


NKyC,H,'VOO(CH,kNVr., 

NH/CoH4*C()0(CH2)3NisoPr2 

NH;‘CeH^-C()0-(CH2)3N(C4H9)... 

Propanol series. 


It was found that with increase of the molecular weight of the 
alkyl radical in both series there was a marked increase of local 
ansBsthetic power, and members of the propanol series were slightly 
more anaesthetic than those of the ethanol series. The fourth 
n\|*mber of the propanol series, “ butyn,” is being clinically, 
and although some reports are favourable, an adverse ^ne by 
W. Hill®® finds that it is not uniformly reliable and, unlike cocaine, 
does not produce the desirable property of local ischaemia 
mucosal vessels. • 

H. Graf®® has described the relative ^aesthetic action of N-dl- 
methyl, N-die\hyl, N-dipropyl, and pipridyl Ifucinol esters of 
p-anpiobenzoic acid prepared by Karrer and hifi pupils. They are 
related to novocaine. The Ji-diethyl derivative * 
NH 2 CiH 4002 CHj-CH(NEtj)CH 20 HMe 2 

is the best, the claim being made that it is as good as, and M 

rapid as cocaine in its action on the cornea, and eight times as 
* • 

•» J. Amer. Chem. 8oc., 19^^ 46, 2738. 

Chem. Fabr. Flora, Pat, Appl. ; J., 1923, 694 a. ' 

, Ber., 1923, 65, 3610 ; J. Chew, fifoc., 1923, i., 43. 

♦•Ann. 1921, 6, 535. 

^J. Phfirtn^ Exp»^Ther., W23, 8JL 195. 

1923,8, 876. 

** Arch. %xp. PaBi. Pham., 1923, 99, 315. 

• • 
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powerful as novocaine, wl\ereas»*oii the skin and sciatic nerve it 
is twice as good as novdhaine. The preparMion of the parent 
amino^alcohoi, leucinol is, however, diffibult. ^ ^ 

Turning now to, some new «or uncommon types, jS-naphthyl 
jS-dimethylaminoethyl ether, CjoH/O-CHg-CHg-NMe'^g, is stated to 
ha^e a local ansesthetio action,’® and likewise the products of the 
interaction of diethyjaniine, dimethylamihc, and piperidine' witli 
benzyl p-bromomethylbenzoate,’^ thus : — * 

- CH^BrCaH^COOCHa'CaHs-CHaN EtjCeHiCOOCHaCaHs 

Some mixed basic esters of phthalic acid havT been patented, as 
for examine the methyl diethylaminoethyl ester of phthalic acid, 
CgH 4 (C 02 Me)'C 02 -CH 2 *CH 2 ‘NEt 2 and the 1 . 4 -dichloro deriv- 
ative. These are claimed to be powerful anaesthetics.'^ It 
will be recalled that the symmetrical diethylaminoethyl phthalate, 
C8H4(C02CH2CH2‘NEt2), prepared by Pyman was inactive.’* 

Some basic benzoyl comiK»unds which are not esters*® have been 
found to possess local anaesthetic properties, as for example : — 

CeHsCOCHj CHoXCiHjo and CjH’s-CJO CHPli.CHsNCfiHio. 

Of great interest are the results of the examination by 
R. Gottlieb’* of the relative local anaesthetic action of d- and 
'/-\^-cocainesandof d/- and Z-cocaines, which are the methyl esters 
of the diastereoisomeric bases benzoyl --v/r- eegonine and benzoyl- 
(jegonine respectively. The stereochemistry of this pair is now 
almost complete, as the Chemischen Eabrik E. Merck have resolved 
synthetic i/r-cocaine into its enantiomorphs, which were placed at the 
service of Gottlieb, and have apparently resolved synthetic cocaine, 
as shown by g, recent patent application.’® Gottlieb found that on 
the sciatic" nerve of the frog the order of anaesthetic power was 
d-‘^-c 6 caine>d/-'^/r-cocaine>Z-cocaine>d/-oocaine, whereas on the 
« rabbit’s cornea the sequence was 7 -cocaine >d-‘\/r.cocaine>dZ-'>/r. 
cocaine >d 7 -cocaine. flin both cases the missing e 7 -cocaine would 
appear to be the least anaesthetic member of the scries. 

CH 3 CH-CH 2 

CHOBz 

CHr-CMo- CHj 
^-Eucaino and iso-j5-eucaine. 

Brit. Dyestufis Corp., W. H. Perkin, and C. R. Clerao, E.P. 193,618 ; 
J., 1923, 426a. 

^ Hofknann-La Roche* Swiss Patent, 93,f00, 93,501 ; J. Chem. Soc., 1923, 
i., 926. . 

^•Meister, Lucius, und Briining, G.P. 371,046; J., 1923, IICIa. * 

^U. Chem. Soc., 1908, 98, 1793. 

Arch. exp. Path. Pharm., 1923, f»7, 113 ( Z. phyM Chem, 1923, 180, 
374 ; J., T923, 1197a. 

’*M«eder, Merck, and Wolfes, E.P. Appl.j J., 1923, 1112a. 


CH-CIf'OIfCOsMe 
1 1 

,NMe CHOBz 

CHgCH-lH, 
Cocaine and u'-cocaine. 
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An exactly parallel series to this has been examined by the 
present writer,’® yh# has resolved j8-eu^ine and iso-jS-eucaine, the 
benzoyl derivatives of the diastereoisomeric a- and'jS-vinj^diace- 
tonalkamines respectively, and has isolateck the four possible 
optically active forms. The relative local anaesthetic actions were 
determined by J. H. Burn, who found them all equally potent*on 
the rabbit’s f’omea, button tjie sciatie nerve 4-,?-, and d/-j3-eucaines 
were approxiriiately equal in acvon but superior to d-, f-, or di-iso- 
jS-eucaines, which among themselves were also equal in action. The* 
toxicity of the j3-eucaine memJiers was less than the iso-j3-eucaine 
members, and that of d-jS-'^ucaine less than that of Z-jS-eucaine. The 
most favourable substai^v^e, therefore, from the point of view of 
anaesthesia and of toxicity is d-jS-eucaine. • 

Hypnotics. 

The two groups of hypnotics in which there is the greatest expe- 
rimental activity are the urethane group and the barbituric acid 
group. In the former R. Willstiitter and W. Duisberg” have 
prepared trichlorourethane, CClg-CHgO CO-NHg, which has been 
marketed under the name “ voluntal.” It has been examined 
pharmacologically by W. Straub, who summarises it as a facile^ 
chemically harmless sleep-producer, and clinically by A. Haupt- 
mann, who recommends it as a mild sleep-producer without dis- 
agreeable after-effects.’® In lower doses it is sedative. The pareift 
alcohol, CClg'CHgOH is of interest, as it is now prepared in 70% 
yield by phytochemical reduction’® of chloral by yeast, a process 
originaUy used by C, J. Lintner and H. Luers.®® L. Yoder®^ has 
psepared substituted chlorourethanes of a more «on.plex type. 
Methyltrichloromcthylcarbinol urethane, CClg-CHMe-O-QpNHg, 
and dimethyltrichloromethylcarbinol urethane, CClg'CMeg'O’CONHg, 
had a strong hypnotic action. Some related derivatives without* 
halogen arc the subject of a patent by Poulenc Freres,®® who have 
prepared phenylethylcarbinol urethane, lUPhCH-O CONH g, phenyl- 
propyl and phenylbutylcarbinol urethanes. • TMfe ethyl ester of 
p-ethoxyphenylmalonamic acid, Et 0 *C 0 'CH 2 *C 0 NHCjH 40 Et, 
although not a ujethane, i» like urethane wn ai&ide and an 
ester. It is said to, be a valuable hypnotic.®® An attempt 
to combine the sedative properties of bromo-compounds with t 

H. King, Chem, Soc, Trans., 1924, 185, 41 ; Chem. and hid., 1923, 1212. 

"U.S.f. 1,427,606: J. Soc„ 1923, i., 10 ; Bayer und Co., G.P. 

358,126 ; J. Chem. Soc., 1923,%., 86. 

Munch, med, Woch., 1922, 69 , 1651. 

R. WUl^tatter and W. Duiaberg, Ber., 1923, 56 , 2283. 
physiol. Chem., 1913. 88 , 122. 

« J. Amcr.*qt^nf. Soc., 1923, 45,a475 ; J., 1923, 329a. 

•*F.P. 532,464 ; J. Chem. Soc., 1923, i., 1007. 

•» Akt.-Gfos. f. G.P. 371,692 ; J., 1923, 685a. 
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tut^thane is seen in thp substituted « acetylallophanic ester, 
l)t//Br‘C0 NH‘C0*NH*C6gEt, prepared by tbe action of bromo- . 
diethylacetyl isocyanate on urethane. Such coinpounds are 
said to be valuable, as soporifics' and sedatives.®* 

Some iso-urea derivatives which bear a superficial resemblance 
to urethane have been 'prepared and examined by S. Easterfield.®® 

*;OEt ‘ 1 .OEt 

NH:C/ 0;C< ' 

Ethylisoiirea. Urethane. 

The following compounds were tested ; — Ethylisourea, N-ace- 
tylethylisourea, N-benzoylethylisourea, 2-ethoxybarbituric acid, 
2-etkoxymethyluracil, and carbethoxyelhylisourea, EtO*CO*NH' 
C(OEt) : NH, but with the exception of the last named were devoid 
of hjrpnotic properties. 

As a result of the great attention that has recently been devoted 
to the barbituric series of hypnotics, practically the whole of the 
possible variations among the simple alkyl derivatives have been 
prepared. A number were referred to in last year’s Report®® and 
the maximum activity was found in compounds containing eleven 
^or ten carbon atoms in all, the activity being about three times 
that of veronal. C. Sommaire®’ has prepared the methylbutyl, 
methylisobutyl, methylisoamyl, propylbutyl, propylisobutyl, pro- 
pylisoamyl, and butylisobutyl barbituric acids, ^t none was 
superior to the Ck, and Cn series of Tiffeneau.®® To these may be 
added propylisopropyl, isopropylbutyl, and isopropyhsoamyl barbit- 
uric acids prepared by H. A. Shonle and A. Moment.®® 

The replacepnent of the alkyl groups by aryl or basic groups le^ 
to disappearance of hypnotic action as in I and II, 

Kt. /OO.NH. R\ /CO'NH. 

\ pn \p/ N pn 

NMrj CR.cu/t N^o nh/ \:!0-nh/ 

I. II. 

where R is H* or ^ CH<J and is phenoxy, hydroxyphenyl, 
or a hydrox^jytolyl group. This is probably not surprising, es the 
whote, character of the molecule is altered.®® , 

•• The narcotic action of symmetrical pinaoones, RiR^-COH-COH* 
RjRj is weU-known. M. Tiffeneau and H. Dorlencourt®^ have 

Bayer und Co., U.S.P. 1,424,236 ; J., 1923, 683a. 

J. Pharm. Exp. Ther.t 1023, 80, 45JI. 

••Ann. Bcpto., 1922, V, 601. i 

" Buil Soc. Vhim,, 1923, 88, 189 ; J,. 1923, 328a. 

P^lbid* 1923, 88, 183 ; 7., 1923, 328a. 

W 7. Awer. Chem. Soc., 1923, 45, 243 ; 7., 1923, 242 a. 

••^. W. Box and L. Yoder, 7. ^mer, Cbew». fifoc;, 1023, 46, 1761 1 
1928,867^ ' ; 

« Cowptca rend., 1923, 176, 1343 ; 7., 1923, 626 a. . 
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prepay a number of unsymmetfical inembers and tested their 
activity ^y measprimg the concentration necessary to produce 
immobility of fish. The following are described, with their effective 
concentrations fdded 

Ph-CHOHOHjOH 1/1000; Ph-CHOHCMe^OH 1/1000; 
Ph-CHOH CMeEtOH 1 /2000 ; Ph-CHOltCEtgOH 1 /7600 ; 
Ph'CHOH CFreOH *1/20.000; Ph‘CHOffCBu,OH 1/50.000. 


uhgano-Metallic Compounds. 

Arsenic Compounds . — featorw of this section of the report is the 
sustained interest shown in arsenicals, particularly in IVance and 
in the United States. » hiist Ehrlich and his co-workers con- 


centrated their final efforts on the arseno, -As=A8-, type of 
linkage, French workers have more recently developed the parent 
pentavalent arsinic ncids. E. Fourneau, A. Navarro-Martin, and 
M. and Mme. Trcfouci^ have attempted to do in the arsinic acids 
what NicoUe and Mesnil®^ did in the benzidine colouring matters, 
the fore-runners of Bayer 205. The former authors have examined 
the action, on experimental trypanosomiasis, T. brucei, in mice 
and spirillosis in fowls, of a large number of phenylarsinic acids, 
many of which were already familiar from the results of the German 
school. The series comprise the isomeric amino- and hydroxy-* 
phenylarsinic acids, some diamino and triamino acids, some isomeric 
hydroxyamino and diaminohydroxy acids, the acetyl derivatives ot 
the preceding, some urethanes of p- and m-aminobenzamides 
atoxyl, the corresponding ureas and the amides themselves. The best 
substance for the cure of trypanosomiasis in small animals was 4- 
amino-2-hydroxyphenylarsinic acid (1), but on experimental :yphilis 
in the rabbit it was inferior to 3-amfno-4.hydroxypli3nylaisinic 
acid (11). The stable N-acetyl derivative (III) of this latter a«id has 
been introduced into commerce under the name “ stovarsol. ’’It. 
proved very effective in fowl spirillosis and^it has recently been 
shown to act prophylactically when 4aken by mouth ageihilt 
syphilis in the rabbit, in the monkey and in uq^n,®* and against 
yaws in the monkey and in man. * In l^ith cases in man 
volunteers were infected with massive doses of the, parasites of? 

NH, • OH OH 



I. • • li. • III. 


“ Am, Inst. Pasteur, 1923, 87, 661 ; J., 1923, 1097a? 

•» im„ ; 906 , 80, 417, 619 ; Ann. R^ts., 1921, 6 , 637. 

Levaditi, L, Navarro-Martin, L. Fournier, L. Guenot, 
^ohwartB, Anm fnat? PaeteuP, 1922, ^6, 729 ; 0. Levaditi and A. KavaiM,* 
Oonwks rend., 1922, 174, 893. 

k " «G. Bi»rinao% Anh, Ijchiffe. Trap, Hyg., 1928,^, 229. 
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syphilis or of yaws after pral administration of stovarsol with 
completely harmless results. It is also stat€d®^»to^ have cured cases 
of amoebic dysentery. " * 

Many arsenicals ^re known to affect the optic ^ tract. A. G. 
Young and A. S. Loevenhart®^ in America have attempted to cor- 
relate chemical constitution of phenylarsinic acids with this defect^ 
and come to the coiyilusion tW the, amfno group in the para- 
position to the arsinic acid group is responsible, whhst the amino 
group in the weto-positions is harmless. This does not, however, 
agree with clinical experience. To quote only one instance, 
Beurnier and P. Clapier*® have successfully treated 16 cases of 
yaws with p-hydroxy-wi-aminophenylarsinic acid but only at the 
cost of very grave disturbances of vision. 

A very suggestive communication has appeared on the mechanism 
Dr the action of arsenic on protoplasm. It will be recalled that 
C. Voegtlin and his co-workers have previously®® put forward very 
strong evidence in support of the view that the leal toxic and 
switive constituent in the aromatic arsenicals is the oxide form 
RAsO, which can be produced in vitro or in vivo by reduction of the 
irsinic acids or oxidation of the arseno compounds. C. Voegtlin, 
o. S. Leonard, and H. A. Dyer^®® have now found that sulphur 
compounds, such as glutathione, thioglycollic acid, thiolactic acid, 
ind others, counteract the toxic action of 3-amino-4-hydroxyphenyl- 
ii;pine oxide on trypanosomes in vivo in rats or in vHro. The theory 
is therefore advanced that arsenic in the form -AsO is a specific 
poison for the-SH group of glutathione or other jwssible-SH com- 
pounds in protoplasm. In other words, the death of the cell is duo to 
nterference with the oxidative processes governed by glutathione; 

* RA«0 + 2HSRi RAs(SR^).i+H20 
The condition, as laid down by Ehrlich, which a successful 
chemotherapeutic reagent should fulfil, is that it should have a 
maximum lethal action on the parasite and a minimum lethal 
action on the tissues of tht- host. This can be reconciled with the 
view put iorwar^. by thy American workers by assuming that 
although the arsinef oxide combines with the thiol groups of gluta- 
thione contained iq the trypanosonjps and in the tissues of the 
l^pst, the ])ossibility of renew^al and recuperation is more limited in 
the case of the trypanosome than in the case of the cells of the host. 

New arsenical medicaments which have attracted attention are 
neosilver salvarsan and salvarsan glucoside. The former was 
introduced by W. Kolle,^®^ and is prepared by mixing silver salvcfcrsan 

E. Itfarchou^, Bull. Inut. Pasteur^ 1923, 21, o25. 

J. Phdrm. Exp. Ther., 1923, 21, 197. 

Dis. Bull., 1923, 20, 181. 

•• 0. Voegtlm and H. W. Smith, J^Pharm^Exp, Ther.pimASf 476 

U. Public Health Rep., 1923, 88, 1882. 

De^t. ined. Wnrh . Afi I7 
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with neosalvarsan, when a proditet is*obtaine<i which, unlike the 
reactants, is stated ^ot to increase in Ibxicity on exposure to air 
and gives nS precipitate on passing carbon dioxides. This latter 
property is probably a colloidal phenomenon ^ mutual protection, 
analogous to the protection of silver chloride and silver oxide by 
salvarsan, recently shown by W. H. Gray^®* to be a largely j^re- 
dominating 'ictor in the cgnstitution of silyer and sodium silver 
salvarsaii. Kblle’s product is said to be as good as silver salvarsan, 
but has only one half the toxif tv. It has been tried clinically iQ 
an immense number of cases With, on the whole, favourable results, 
Salvarsan glucosidt, di^ -i vercd by L. Andersoid®^ in England and 
marketed by a British tii m, has also been described independently 
in greater detail by A. Aubry and E. Dormoy^®^ in Franco., It is- 
recorded by these latter workers as a yellow powder, soluble in 
water with slow hy^holysis, as is shown by a fall in its optical 
rotation. It is stabilised by excess of glucose, probably a mass 
effect, and according to A. Luguet^®® and to Anderson has only one- 
half the toxicity of neosalvarsan when administered intravenously 
to mice. 

Aliphatic arscnicals have not hitherto attained the marked 
success of the aromatic derivatives. Numerous workers are, how- 
ever, now developing the aliphatic field. Arsenoacetic aci^, 
AsOaHg-CHjdXlOH is the subject matter of a patent^®® in the 
United States, whilst the reduction product, arsinoacetic aci|i, 
COOH CHg As: As-CHg-COOH, has been described recently by 
C. S. Palmer,^®’ Some allied products have been patented by 
Poulenc Freres and C. OechsUiU®® in and 

similar substances, but in none of tljpse cases hi^vc 'herapentic 
results been given . Allyl arsenate, OH 2 : GH-CH g* AsO JH g, has been 
shown by H. Ritz^®®to give good results in experimental frypado- 
somiasis in small animals comjmrable with those obtained with 
arsenious oxide. 

Antimony Compounds, — Compounds •()! antimony, particularly 
tartar emetic, ?fre important medicaiuynts^in <the treatment of 
tropical diseases. During the past year a ifUmber of cases are 
recorded of the cure of ulcejating granuloma.by tartar emetic.*^® 
L. G. Rowntree tind^J. J. AbeP^Mried an analogous cofhpoun^, 

Chem. Soc. Traufi., 1923, 123, 93o ; J., 1923, 473a. 
iwC’ta. and In'L, 1938, 65, 345. 

w* Comptea rend., 1922, 175, 819 ; J. Vhem. Soc., 1923, i., 71. 

Cmnptcs rend. §oc. BioU 1922. 87, *1020. 

Bayer und Co., U.S.P.*1,445,<>85 ; J., 1923, 518a. 

J. Amer. Chem. Soc., 1923, 45, 3023. * 

w*l?.P.J91,028; J., 1923, 861a. 

Arch, intern. Fkartnacodyn., 1922, 27, -37. 

R, OiwJrqjfco, ^rop. Die. i/tt«.,*1923, 20, 286 ; B. B. Beeson, ijnd.. 286 ; 
H. Goodman, ibid., 287 ; K. M. Lynch, ibid., 287. ^ 
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sodium antimony thioglyooUate/ and the* triamide of the corresM- 
^poncUng acid in experimeiital trypanosomiasis apd found them as 
efficient as other antimonials. A. Randall^^^ has recently tried 
these two compounds for ulceiuting granuloma “vidth brilliantly 
curative results, the claim being made that in contrast to tartar 
embtic there was no totic effect. Numerous attempts have been 
made to eliminate or ^.o reduce the tox;icity of tartar emetic by the 
preparation of other salts instead of the potassium*' salt.'' Such a 
4)rocedure does not seem likely to have any permanent success. 
Of the numerous salts prepared by R; G. Fargher and W. H. Gray,^^® 
(quinine antimonyl tartrate had the least immediate toxicity, being 
five times less toxic to mice than tartar emetic. U. N. Brah- 
machari^^^ has also more recently prepared a large number of such 
antimony compounds with a view to their use in kala-azar infections, 
and also finds quinine antimonyl tartrate to be one of the least 
toxic. Where tartar emetic has been used with more or less 
success attempts have been made to use aromatic antimonials such 
as stibenyl, the sodium salt of p-acetylaminophenylstibinate (I). 

NHAo<^ ^SbO(OH), NH,/~\sbO(OH), 

. I- II- 

In the treatment of kala-azar there are a number of adverse 
reports on its use’^® and an equal number of very favourable ones.^^® 
Brahmachari has used^^’the urea salt of the free base p-aminophenyl- 
stibinic acid (II) with success, and this is confirmed by H. E. 
Shortt and R. T. Sen,^^® who found that intravenous administration 
cured all cases of kala-azar treated by them. 

The antimony analogue (I) of salvarsan has previously bean 
describ^.^^® The mixed arsenic-antimony analogue (II) has now 
been prepared and patented by C. N. Myers, and is said to be of 
therapeutic value. It is prepared by reduction of an equimoleoular 
mixture of 3-amino-4-hydroxyphenylar8inic acid and 3-amino-4- 
hydroxyphenylstibinic acicl. 



J. Vrohgy, 1923, 491 ; Chem. Abat., 1923, 17, 3369. 

^^J.Pharm. Exp.Ther.,mhn.Ul. 

J. Med. Rea., 1922, 10, 492 ; 1923, 11, 196, 393, 406. 

, . L. E. Napier, Lcmcet, 1923, i., 280 ; R. Knowlra, ibid., i., *^ 8 . 

Renaut, Monier-Vinard, and G. Gendrou, RuU. Inat. Paateur, 1023, 
181 ; V* Plessfcr, ibid., 183 ; Klippel and Monier-Vinard, Arch, kchiffa. 
Trop. Hyg., r023, 27, 218. 

Med. Rea., 1922, 10, 492 ; 11, 393. 
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Qatm, Pabr. von Heyden, G.P. 268,461 ; J. Chm. 80c., 1014, tiOw 
W U,S,P. 1,422,294; J., 1923, 082a. " ‘ 
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To complete thd analogy witlf neo^p-lvarsan, the oorrespondiiig > 
Bulphojiylic ^id jieiivative has also bedh prepared. 

Antiseptics. 

Bayer 205.— In a previous Report ^^t^e subject of Bayer 1206, 
the ftew trypanocide, ’^J^as treated some length. It had proved 
remarkably Mirative on experimental trypanosomiasis in small 
animals and was on its trial tor human trypanosomiasis. Its exact 
chemical composition is still iUiknown, although what was written 
in a former report as to its probable nature still holds good. Much 
valuable evidence has >een accumulated of its trypanocidal action 
during the past two years. Its chemical development took fourteen 
years/^ and its discovery is due to the chemists Kothe, Kressel, 
and Orsenbeck, vhiLst its chemotherapy was initially due to 
Rdhl.^^^ Its chemotherapeutic index, I, which is the ratio of its 
curative dose, C, to its maximum tolerated dose, T, on small 
animals is 1 /160, whereas that of atoxyl is about 1/2. Unlike some 
other effective trypanocidal agents, the disappearance of the try- 
panosomes from the circulating blood is somewhat tardy, and 
microscopical examination of affected trypanosomes is said to 
show that the action of Bayer 205 is mainly to influence tfte 
process of division and thus to inhibit their multiplication. It is 
a remarkable substance because of the long time over which it 
remains active in the body. The serum of a goat, which had 
been treated orally with Bayer 205, cured mice infected* with 
T. brucei, equinuni, or equiperdwn three weeks after the last 
oral administration.^^^ It slowly passes into the uyi' e and is still 
curative.^^® Experiments made on thC distribution ef Bayer 205 
in the blood show that it is non-ultrafiltrable, but is aBSOciated 
with the albumin fraction of the serum proteins.^^® The case pf 
a rabbit is recorded which alter an injection of Bayer 205 re- 
mained for five months protected against repeated injections with 
T. equiperdtm}*’ 

On domestic animals and beasts ot burcRn Us action ^riee. 
Mai de Caderas, a trypanosogie infection of hoi;pes in South Ameriba, 
has been successfully treated with Bayer 206 by E. Migone^pd 
T. Osuna ,^28 also cured a monkey with a dose of 0*02 

^ Ann. Repts., 1921, 6, 651. 

JT, 1922, IOr. 

Dent. med. Woch., 1942, 48, 1335. 

^ M. Mayer, Arch. Schiffs. Trap. Hyg., 1922, 26, 33l 
1 Vayer and W. Menk, ibid., 1921 25, 376. 

Mayer, H. Zeiss, Giemsa, and Halb rkann, ibid., 1^2^, 

140 . ^ 

8. Sei, tbid.. 1923, 27 , 384. 
w Trip. DU^^BuU., 1^23, 20 , 826. 
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In the Malay States epiden^ics of surra are the bane of the horse 
and cattle breeders. G. Baermann^*® has cured horses in 50-75% 
of the cases treated, but E. Rodenwaldt and J. D6uwes^®® have 
met with less success in the Butch East Indies. They find it 
curative only in very early cases and attribute its lack of greater 
success to the close prc^dmity of the toxic dose for the trypano- 
somes and for the horse. F. K. Kleine and W. Fischer'®^ have" tried 
it on infected cattle in South Africa, but without success. ‘On man 
Jhe results are much more favourable. M. Mayer and W. Menk^®® 
m Hamburg record the cure of a case of infection with T. gambiense, 
whilst G. C. Low and Manson-Bahr^®^ in this country record the 
cure of 7 cases out of 9 of infections with T. gamhiense. A case of 
infectjon with T. rhodesiense improved but was not cured. The 
German expedition headed by Kleine and Fischer, under the 
auspices of the British Colonial Office, has returned to Europe with 
claims of many successes ; 230 patients were trt‘ated in South 
Africa and cured by four injections, each of one gram, of Bayer 205 
when the central nervous system was not affected, but when the 
central nervous system was affected, a longer course was necessary. 
The striking nature of the cures effected leads these authors to 
describe them as almost “ biblical cures.” The complete banish- 
ffient of sleeping sickness is, however, not solely a question of cure 
or prophylaxis, but is mainly one of organisation where sanitary 
measures run parallel. Finally, its curative action is not confined 
to trypanosomiasis, as a rapid cure of kala-azar is recorded by 
W. Yorke.135 

Other Antisejjtics. — ^A number of acridine dyes have been 
examined in action, on experimental tuberculosis in tl|e 

guinea-pig &nd rabbit, by M. I. Smith.^®® The series included 
acridine', Acriflavinc, Iroflavine, Acridine Yellow, 2.7-dimethyl-3.6- 
(iiamino-lO-methylacridinium chloride, and Acridine; Orange, as 
well as the silver compounds of Acriflavinc and Proflavine. All 
inhibited very powerfully the growth of tubercle bacilli in vitro, but 
in vivo they had ro e^ffect^ 

^ J. B. Cohen, C. H*. Browning, and collaborators^®’ are continuing 
their investigation of antiseptics and«de8cribe an interesting series 
o4**styrylpyridines and substituted styrylquinolines prepared by 

Trop. Dis. Bull., 326. 

^»^Arch. Schijfs. Trop. Hyg., 102.3, 27, 305. 

rued. Woch., 1022, 48i 1603 ; 49^1030 ; Brit. Med. J^; 1923, 2, 
777. • * 

- 188 Schiffih. Trop. Hyg., 1922, 26, 208. 

Lanceti'im, ii., 1266. 

Med. J., 1923, 2, 777. 

«* Trop. Die, BuU., 1923, 20, 572. i 

J. Pmm. Exp. Tker., 1923, 20, 419. 

Brit. Med. J., 1023, 2, 326. 
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condensation of ^-dimettiylamiifobengaldehyde with quaternary 
salts of«quinaldiqe8#and lepidines. 



For Staphjtococcus aureufi the sterilising concentration of the 
series lay between 1 in 200 ''nd 1 in 1,000,000 in peptone watci 
and in serum. On B. eoli the most effective was p-dimethylamino* 
styryl-6-mcthylqulnoli»'‘‘ methiodide. Some of these were tried on 
trypanosomiasis in mice, but unsuccessfully. 

An interesting phenomenon is being studied by J# W. 
Churchman,^®® who found some time ago that Gentian Violet has a 
selective toxicity Gram positive organisn's. It is now shown 
that Acid Fuchsin has the opposite effect, sparing Gram positive 
but killing Gram negative organisms. Acriflavine has a similar 
action to Acid Fuchsin. A mixture of Acriflavine and Gentian 
Violet is effective in inhibiting the growth of bacteria at a dilution 
weaker than that in which either alone would be effective. 

J. Exp. Med., 1923, 37, 1 ; 38, 1. 




540 


EXPL081\ 

By John Weir, M,A, B.Sc., Ri.D, F.I.C., 

NobeVs Explosives Co., Lid., Ardeer.*^ " 

outstanding advance in the manufacture or application of 
explosives falls to be recorded in the j)eriod under review, although 
the activities shown in certain directions are of considerable 
interest. 

Ammonium Nitrate. 

The explosion at Oppau Factory in September, 1921, caused 
considerable uneasiness among those interested in the storage 
and use of ammonium nitrate, and started a number of investiga- 
tions as to the explosibility of ammonium nitrate alone and when 
mixed with other salts in fertiliser products. At an early stage 
of the inquiry the evidence indicated that the cause lay in the 
use of explosive for breaking up caked masses of the ammonium 
sulpho-nitrate, and not to any spontaneous decomposition of the 
material. 

The explosibility of ammonium nitrate under certain conditions 
been known for many years, but the strength of the initiation 
required to produce detonation was so great that ammonium 
nitote was regarded and treated as a non-explosive. Various 
explosions which occurred during and after the war demonstrated 
that detonation of high explosives in contact with, or in the 
immediate vicinity of, ammonium nitrate could cause detonation. 

“Early in 1922 C, E. Munroe^ published the results of an 
investigation of the 'Explosibility of ammonium nitrate alone 
a^d mixed with ammoniu'fn eulphate. It was found extremely 
difficult to detont^te n^ixture of ammonium nitrate with as 
little as 20% of amfaonium sulphate, even with 100 g. of blasting 
gelatin as primer, bqt 50 g, of the latter was sufficient to detonate 
aDudonitim nitrate alone. The explosibihty^ increased with rise 
oi temperature until at about 100° C. ammonium nitrate could 
W exploded with three No. 8 detonators. The propagation of 
such an explosion only takes place if the train of ammonium 
nitrate is of considerable cross-section, and is easily stopped by 
even a short gap in the train of material. Further work carried 
out by the 15 .S. Bureau of Mines indicates that ammonium nitrate 
becomes insensitive to detonation when pressed to densities 
above 1*1 according to the degree of oonfinehient. . 

* CAm. md Mei. Eng., 1922, 26, 586 ; J., 192f 349 a. , 
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Before the CJommittee of* the Rejphstag P. Wohler* reported 
that eijperts had heon unable to brhJg about detonation of the 
fertiliser salts containing ammonium nitrate, andi that nothing 
before or after the explosion had indicated ai^y danger of explosion 
from them even in a state of fine division. 

R. Escales* has suggested that some of the caked mass oPihe 
mix5i sa\*.may have* contained a higher^ proportion of nitrate 
than cdrresjfended with tlie 50% mixture which would render 
the product more sensitive. ^ 

At the request of the l>uv«.h Grovemment, A. J. de Weduwen* 
carried out experiments to confirm the statement that the mixture 
of equal parts cf animonium nitrate and sulphate cannot be 
detonated. It was found that an initiating charge of 5<^ g. of 
trotyl was sufiiLient to effect detonation, but that a mixture 
containing only ^10% of nitrate was very difficult to detonate 
completely. 

These investigations have led to special regulations prohibiting 
the breaking up by explosives of set masses containing ammonium 
nitrate, but the National Research Council, Washington,® has 
decided that ammonium nitrate when stored by itself in wooden 
receptacles, and apart from explosive substances, is, for trans- 
portation and storage, not an explosive. • 

H. Kast,® in a comparison of the velocity of detonation of 
ammonium nitrate and ammonium perchlorate, states that the 
results obtained with the former are much below the theoretical 
value. He affirms that even with powerful initiation it does not 
detonate properly, but only decomposes explosively, and while 
obtaining values of 1200-2000 metres per sec. ^1^}^ experiment, 
he places the true value at 2800 to metres pei* sec., accord- 
ing to the density. 

Gunpowder. 

There is little of real interest to rec(yd regarding the gunpowder 
industry, which has been built up largely on empirical lines. - 
The use of sodium nitrate in place tf piJt^Slum nitrate is wefi 
established, and as long as an appreciable difference in pigoe* 
obtains between .these two^ substances, the •cheaper so^um salt 
will continue in use*. * 

A. Junk’ has carried out a searching investigation of the 
of synthetically prep&red potassium nitrate, with a view vto 
decide Whether or not thf increase, in the number of explosions 

» Chm. Trade J., 1922, 71, 443. 

1921, 45, 1221. 

• Z* ges» SohieaS‘ u. Sprengetoffw., 1923, 18, 23. 

• Chm. mfd m. Eng.Tim, ^2. 

• Z. angm. Chm., 1923, 86, 72 ; J., 1923, 293a. 

’ Z* 8ehi^‘ u. S^engstaffw,, 1922, 17, 1 ; 1922, 158a. 
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experienced in black powder mai?ufacture,in Germany during the 
war, could possibly be eijplained by the us^ of this quality of 
nitrate in plaqe of that usually produced from Chile Saltpetre. It 
seems that early in the war, when supplies of the Chile salt failed, 
the necessary potassium nitrate was made to a limited extent 
from Norwegian calciuir^ nitrate and potassium carbonate. Later, 
at one factory, synthetic nitrjc acid was neutralised with cAustic 
potash produced electrolytically. The main process, however, 
which is also in use now, entailed the production of sodium nitrate 
from electrolytic caustic soda and synthetic nitric acid, and the 
subsequent double decomposition with potassium chloride in the 
usual way. Junk found that the potassium nitrate prepared 
by the use of synthetic nitric acid is actually purer than that 
obtained from Chile saltpetre. In connexion with the explosions 
referred to, no suspicion could fall on the new type of potassium 
nitrate. 

A new development in the method of firing black powder is 
described by T. W. Bacchus.® A length of cordeau detonant is 
placed along the charge of black powder and ignites it at a rate 
higher than that of many dynamites. Field trials show that in 
this way black powder may be used in quarry blasting instead of 
30%, 35%, and even 45% dynamites, and in place of ammonium 
nitrate dynamites, with a saving of 30% in cost. A patent has 
been applied for. 

' Nitroglycerin. 

Two historical accounts of the manufacture of nitroglycerin 
have been given by R. Naoum,® in which he describes the j)rogress 
of the industry, from time yf its birth up till the present day. If 
particular he’ advocates the use of underground buildings, formed 
after th^ manner of a tunnel, as opposed to the normal practice of 
u^ing buildings surrounded by large earth moulds. He maintains 
that actual experience^ has shown that these buildings are very 
efficient in localising the ejects, should an explosion occur ; also 
they offered greater protption from lightning and fire. With 
this type of building it is necessary to perform the nitration, 
separation, and washing of the product in the same building, and 
th^yef ore' each unit must be a small one. A small unit is useful in 
the sense that, should an explosion occur, the loss of output is 
^mall ; but, on the other hand, since the ^number of small units 
must necessarily be greater, the risk of explosion is corresppndingly 
increased. Again, the cost of' manufacture tends to be very much 
higher with the sip&ll-unil type of plant. 

Most ex^osives factories have, on occasions, experienced trouble 
due to«ithe nitroglycerin failing to pass the Abel heat test, and 

* Exphaii^ Engineer f 1923, 33. ^ 

• Z. cmgew. Chem., 1922, 85, 461 ; 1923, 86, 67. 
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although suggestions tQ*acc^t#for ^his have been made from 
time to i^ime, the natter has never been properly elucidated. In 
an interesting* paf)er F. AT F. Crawford^® has now shown that the 
low heat tests are due to an impurity in the nitric acid ufted for 
nitration purposes. The impurity was isolateS as an oil from the 
nitric acid, and was shown to be compos^ of tetranitromethane, 
moho)6hiorotTini|;romethane, dichlorodinitromethano, with possibly 
a trace o! chl(!fiiopicrin This* oil was present fo the extent of about 
0*005% of the nitric acid. One part of this oil in 20,000 parts of 
nitroglycerin lowered the iu . t test from 16 to 5 min. The 
ingredients of the oil which were active in lowering the heat test 
were tetranitromethane nd monochlorotrinitromethane, the latter 
causing most trouble in manufacture, owing to the difficulty of 
washing it out of the nitroglycerin by the usual process. The 
formation of this oily impurity is due to the presence of chlorides 
and organic matter in the sodium nitrate used for the manufacture 
of the nitric acid, and traces of chloronitromethanes are probably 
present in most samples of commercial nitric acid. In a previous 
report, it was mentioned that E. A. White considered that the 
low heat tests of nitroglycerin were caused by iodine in the mixed 
acid, but no direct evidence was published to prove that it was the 
iodine and not other substances which caused the lowering of thS 
lieat test. It may be mentioned that iodine is readily removed 
from nitroglycerin by the washing process, and is therefore not 
likely to cause heat-test trouble, and moreover low heat tests given 
by samples containing iodine can be readily distinguished from the 
normal low tests by the fact that the dry portion of the test paper 
also becomes discoloured. 

• ^ • 

F. Blechta^^ has isolated tiimctliylene-glycol frdm glycerin 

produced by the fermentation process, and has given pafticulars 
of the dinitratc, which was readily obtained. This substance ha« 
l>een known for a considerable time. It lb a mobile liquid re- 
sembling nitroglycerin in sensitiveness^ and power, and. unlike 
nitroglycerin," it has the very useful property ai. not freezing at 
temperatures as low as -20° C. Particular ca*B is required in th 
nitration of trimethylene-glyqpl, and Blechta blames this substan^ 
for several mishaps >yhich occurred during nitration of fetmentfl 
tion glycerin in the war period. Trimethylene- and ethylent 
glycol dinitrates together with the nitration products froi 
ethylene i® and ethylene oxide are all open to the sam 
objections, namely, <they ar« more volatile than nitroglycerin, an 


w J., 1922, 321t. 

Ann. Jkepte., 1920, 5, 535. J. S. Afr. Assoc. Anal. Chem.t 1919, 2, 1 
J., 1919, I95v , . • • 

“ Z. ges. Scme9S‘ u. SprengstoffuJf, 1922, 17, 67 ; J., 1922, 

« G.P. «38,056 ; J., 1921, 640a. , 
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at present they can hardly be produced at a price which can com- 
pare favourably with thafeof nitroglycerin. ^ 

There has been a discixssion on the explosioh p«int of nitro- 
glycerin, and it has been shown by H.Staudinger^® that the results 
^ may vary greatly according to the method employfed. A. Stett% 
ba^er^® suggests that the purity of the substance may have a 
considerable effect. H. Kast” in an interesting article ex]plains 
clearly why differences must necessarily occur zvith "different 
methods. Kast points out the distinction between “ Entziindungs 
!remperatur ” or explosion point, ^ meaning the temperature at 
which an explosion occurs when the substance is heated, as 
opposed to the “Detonation Temperature” or the temperature to 
which the products of decomposition are raised by the explosive 
reaction. These expressions arc frequently loosely applied, and 
it would be advisable if these definitions were adhered to. 

Nitrocellulose. 

There is nothing which calls for comment in connexion with the 
development of nitrocellulose for explosives. The main outlet 
for this material is for propellant powders, for which there has 
naturally been little demand during the past few years. What 
demand there was has probably been met to a great extent from 
war stock’s. This may explain the dearth of developments in 
tips field. 

Propellant Powders. 

Ibiring the period under review no outstanding advance is to be 
recorded in the general manufacture of propellant powders, 
possibly due to a great e-^tent to the reason referred to abov^. 
Purtherj in view of the fact that general investigations in con- 
nexion with military propellants are mostly confined to the military 
Establishments of the various Powers, it is not to be wondered 
that so little informiUon becomes public : on the other hand, 
the manufacture of propeflants for sporting purposes has reached 
a stereotyped coiidition ir which any radical change is governed 
, b^ the difficulties iA effecting cheaper production by utilisation of 
any other thrfn existing processes and products., 
cThe question of components used has received a considerable 
•^jimount of attention, however, and in this connexion referenqe 
may be made to the development of the streamline bullet, both hi 
this country and in America, and the considerable amount 
literature that has sprung up around this subject. 

Internal. baHisrics, that happy hunting ground of the tjiofrkts 

376,000; J., 1923, 954a. 
angew. Ohem.t 1922, 85» 657. 

« J6fi?.„JJ923, 86, 60. ^ 

^ 1923, 86, 402. 
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and mathematioians, has had it^fair ^hare of attention. Special 
mention might be. made of an intefhsting paper by J. B. 
Henderson aftd d. R. Hass4.i® While the authors aroid a^itrary 
assumptions as to the relation between pressing and volume behind 
the projectile in the gun, application is made to the problems of 
internal ballistics of recent advances intthe thermodynamics of 
dissolfiatior and in thd thtjrmodynamics o^the variation of the 
specific heats* of gases with temperature. The whole indicator 
diagram of the gun can no^ be calculated from the chemical 
composition of the propellan^ combined with a table of heats of 
formation from the elt .Aents of the propellant and its products, 
and one set of laboraiv>ry experiments to determine the rate of 
burning of the propellant and its variation with pressui'e. aBata 
are given for cordite Mk. I and cordite M.D. The complete theory 
was put to seveiA test during the war wi^b very satisfactory 
agreement between theory and practice. 

On the subject of the ballistics of shot-gun powders an admirable 
series of articles has ap}>eared in The Field}^ These give a com- 
prehensive survey of the functioning of shot-gun powders and 
components, and afford an instructive insight into a subject about 
which very little appears in the general literature of ballistics. 

Manufacture. 

M. F. Chase, 20 in an article describing the design, construction 
and operation of the U.S. Government Explosives plant in 
Vancouver, tabulates the operations for producing 625,0^ lb. of 
nitrocellulose powder per 24 hours, ^jjjie article C9nUins> nmong 
other points, an account of the purification and nitration of the 
cellulose used, and a short sketch of the powder plant. 

A series of articles appeared in the Jjfemorial dea Povdr^ 
embracing certain features of nitroceliilose powder production. 
One of these articles 2 ^ describes certain modific^ions which' have 
been made in powder presses for the pu^s^qf eliminating waste 
and improving the quality of the product. In copnexion wil^ 
the question of pressing, Ab*der Halden22 glares an account |)f 
an investigation of the relations existing between the plasticity <S 
“ poudre B ” paste, its content of nitrocellulose, soluble and* 
insoluble in ether-alcohdl, and the quantity of solvent used in 
producing it. It is statec^ that fou any given percentage of , 
soluble nitrocellulose a minimum quantity of solvent must be 

80 c., 1922, A 100, 461 ; J., 1922, 199a. 

» PMi, 1923, id, 900, 926, 992 ; 142> 8, 196, 20^, 269, 274. 
wj. m. V}^.,Ch6m., 1922, 14# 260. 

Mim. Foudrea, 1922, 20, 164. 

1922, 20, 164 1923, 204a. 
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used to obtain a satisfactory f/lastioity/ Above this minimum 
increase in plasticity is proportional to quantity of solvent. The 
plasticij/y of & paste considered as a function of the quantity of 
solvent present is spid to increase more rapidly t}\e greater the 
percentage solubility of the nitrocellulose. It may be remarked 
here that a great deal cf valuable information would be likely to 
be gained by a thorough investigation, of ttie extrusion of plastics. 
The very interesting work that is being carried out^in thO United 
States on the plasticity of clays would appear to have a con- 
siderable bearing on the extrusion' factors arising in the manu- 
facture of, in particular, powders, both of the single and double 
base type. In a further article dealing with the manufacture of 
“ poudre B ”,^3 it is stated that the viscosity of the powder paste 
must lie within certain limits in order that the subsequent pressing 
may prove satisfactory. A suitable measure of the viscosity has 
been found in the coetficient of plasticity, which is defined as the 
distance in mm. to which a cylinder of 10 mm. diameter sinks in 
1 minute under a load of 2 kg. into a compact block of paste. An 
apparatus for this determination is described. Experiments are 
tabulated showing the satisfactory control of mixing for “ poudre 
P ” before pressing. 

With regard to the question of drying powder, G. Weissen- 
berger^^ gives data for the time of drying, maximum air tempera- 
ture, and weight of recovered solvent, in the case of the manufacture 
of the Austrian powders, M.93, M.93a, and M.12. The solvent 
employed in the first two cases is a mixture of acetone and alcohol, 
and in the third case a mixture of acetone and ether. 

L. Butin?® describes aViethod for the economy of steam ahd 
time in the drying of nitrocellulose powder which has been sub- 
jected to the ordinary warm water soaking process subsequent 
to solvent recovery. The material is loaded into a hexagonal 
rotating dnim, direct frqm the water steeping. The drum is 
fitted’ with grid- like sides, and when loaded with the warm wet 
powder it is rotal^pd, tMe heat contained in the powder being 
thus utilised ^or the drying of the grain. " 

Jn nonnexion with the surface 'moderation of powders, H. 
miarqueyrol*® describes an investigation dealing with gelatinisers 
“and their most important properties. A list is given of gelatiniser 
patents which have appeared since 1900, and the gelatinisation of 
certain nitrocottons by alcoholic sokitions qf various'^ types of 
gelatinisers, including * substituted ifteas, esters, and cyclic 
ketones, is «de8cribed. , 

‘*mm. Pou'lrea, 1922, 20 , 146 j J., 192^ 204 a . , 

Zp ^chie88- u. Sprengstoffw.t 16 , 169, 179 J., 11922, 80 a * 

M^r^Poudrea, 1922, 20 , 345 ; J., 1923 , 204 a . * 

« Ibid., 1921, 19 , 160 ; J., 1922, 349 a . • ' • 
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Powder Forms amt OMractmstics. 

Much of the \fort published in this connexion steals with a 
comparison of the double-base pc^wdcrs, that is containing both 
nitroglycerin f£nd nitrocellulose, with the smgle-base or pure 
nitrocellulose type. Generally speaking, ^it may be said tlfat 
investigators* are strivkg to improve the double-base powders 
froni the pdmt^of view of er(5sion and muzzle flash, and the single- 
base powders from the point of view of ballistic stability under ^ 
moist climatic conditions. 1/ this connexion the papers by 
J. R. Mattcrn,^’ L.G. Weldin,^® E. ("hevercau,^® and T.L. David®® 
may be consulted. 

Numerous references have appeared during the period lender 
review to the development in the United States of a smokeless, 
flashless, non-hygroseopic powder.®^ It is stated that satisfactory 
powders of this nature have been produced for 4-in. Stokes mortar 
and for 75-nini. field gun. For the former the powder is a thin 
perforated disc which requires no bag or container to prepare it 
for firing : the 75-mm. powder is in the form of thin strips, making 
it easy to handle or load. The method of manufacture is briefly 
outlined. The powder can be fired within 48 hours of the time of 
mixing, but most uniform ballistics are obtained after 2 -3 days’* 
ageing. Though not quite smokeless, it is said to produce no 
more smoke than the present service powders, A similar powdej 
is being developed for the 155-mm. Howitzer ; it is said to contain 
a small percentage of nitroglye.(‘rin. In the supplementary 
volumes of the Encyclopaidia Britannica®® the composition of 
an American flameless propellant is given as of nitro- 

cefluloso, 25-28% of nitroglycerin, 5-^% of diethyl* phthalate, 
3-5% of neutral potassium tartrate, and mineral jelly up to 5%. 
In the same article it is stated that the stabiliser found in* 
powder used in German 77-mm. field gunsiis dimethyldiphenyi- 
thiourca. * 

It will be fenlfembered that in previj^us*^eais reference was 
made to the introduction of tin or tin oxide irAo powders for the 
reduction of metallic fi)uling iy rifles. Experinyntal trials of sucfl 
powders were mad5 in England Avithout very much success bei^g 
attained, and it is interesting to note that apparently the use of ^ 
such powders in the United States is being abandoned,®® it being 
now considerecLmore advisable to use a special alloy for the jacket 

Arms and the M%n, 192^*450. 

Army Ordnance, 1923, 342. 

Poudres, 1922, 20, 168 , J., 1923, 204a. 

Army Ordnance, 1921, July and Augu-t. 

« J6td.,ria^3, 262, 320.* Chem^and Met. Ena., 1922, CO,. Vtnes 
June 23, 1923. ^ * 

>3 Lt.-0ol6 P. M. Richard, vol. 32, p, 196. 

Arms and the^Man, .^pril, 1922. 
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of the bullet. T. Whele^i,^^ in*an article on the qualities desired 
in bullets, says that transferring the tin as accenting to tlie bullet 
jacketr gave good accuracy, but that subsequently the top of the 
rifle lands was fouM to have been badly eroded the tin. Thie 
is«niuch in accordance with British experience. He also corrobo- 
rates the statement that introduction of^tin or tin eflloy into the 
powder is not a suedbss. ' • ^ • 

In the realm of shot-gun powders, a great deaf of prominence 
*^has been given to the use of du Pont No. 93 powder for game 
cartridges equivalent to the Britisli 12-bore 2|-in., and the small 
bores.^^ The powder is a nitrocellulose powder surface-mode- 
rated to give the progressive burning action desirable for these 
cartndges, and may be regarded as a new type for this purpose. 
Powders giving the same effect have been developed in Prance, 
though they differ in nature from the American powder. The 
patterns given by the American powder in what are known as 
Super X cartridges are very good, but the pow’der is not adapted 
for existing standard British 12-bore 21-in. cartridges which 
form by far the greater bulk of the cartridges loaded in Great 
Britain. 

*' Experiments have also been carried out in France with the 
well-known French shotgun powder “ poudre T.” This powder, 
with a slight alteration in the granulation, has been found to give 
more constant loads, a defect from which the older powder 
suffered. 

Stability. 

The question of testing the stability of powders seems a matter 
of perennial investigation, but a sure and rapid test as to hov? 
a powder vdll behave under varied climatic conditions is still 
* awaited. In fact, from the nature of the problem it is very doubtful 
that such a test which wiU be generally applicable will ever be 
devised. Still the search goes on, but it may be said generally 
tHat unless the^test "res^ilts are correlated with thb behaviour of 
the powder undei* various service conditions, these results are of 
little value.* * , 

t* M. Briotet®’ states that the mode of action of the quartz mercury 
lamp is distinct from that of the naturaragents at work during 
ordinary storage. Further, considerq-ble chemical variations 
follow slight modifications of the causative factors, there is 
no suitable method of measuring the raduiting power. < Under 
.the conditions .adopted by Berthelot* which appear difiioult to 

Field and Stream, July, 1922. 

3»C. Askins, Ibid., Sept., 1922. Arms itnd the Man, bscA 

Jan. and -fSib., 1922. • V . 

Poieh4, Mim. Poudres, 1922, 80, 300 j J., 1923, 916 a. 

« Ibid,, 1921, 10, 186 ; J., 1922. 349a. * 
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modify, exact measurements* am impossible, and the apparatus 
is condemned. The nature of tne g&qps obtained from various 
types of French powder i» described. An investigation concerned 
with the inflammation temperature of powders is described by A. 
Koehler.®® Determinations carried out in aft, in vacuo^ and in 
carbon dioxide, show that with rapid heating the atmosphere has 
no influence on the inflammation temperature. It is concluded 
that no,,u^efifl purpose wduld be served By storing B Powder 
in vacuo. 

J. D. Berkhout gives an n/^-oount of the methods employed iif 
the Artillery Laboratory, Hambnig, Holland, for determining the 
stability of smokeless powders. The test consists essentially of a 
determination of loss of weight in definite times at various tem- 
peratures, and a rote of the time at which red fumes appea!*. It 
thus bears a close resemblance to certain German tests. 

Solvent Recovery. 

The question of solvent recovery plays such an important part 
in the economics of powder production that any development in 
connexion with the subject may be legitimately regarded as a fit 
subject for comment. It may be taken that the older methods oi 
recovery such as scrubbing with water or bisulphite, refrigeration 
methods, or even the more recent sulphuric acid absorption 
process have become out of date, and that the methods of the 
future lie between the Bregeat cresol absorption process and the 
adsorption processes which employ activated charcoal or the 
various inorganic gels. Strong claims are put forward for both 
tfle cresol and the adsorption procesj^s, and the*re!L;»tive merits 
are the subject of many and often contradictory remarks. In 
the explosives industry the Bregeat process established itself very 
firmly during the war. Whether the rapid strides that are being 
made in the adsorptive qualities of chardbal will result in the 
displacement of the cresol process is alnatter upon which no sure 
opinion can yet be given. 

An instructive and interesting article on* the technology of. 
solvent recovery 1^ means of activated charcoal, as Carried out in 
the Bayer factories, is 'contributed by H. Carstens.*® Thb artioJe 
describe the entire process of solvent absorption, solvent recovery^* 
and charcoal regeneration. 

The ra^w materials to be used as sources for activated charcoal 
have been the subject of .comment,^ and the ligmtes, anthracite, 
and cannel may bo employed under certain conditions. 

** Mim*Poudre8, 1921, 19, 138 ; J., 1929, 348a. 

Z. ffea.^^iese’ u. Sp^engstoffw., 1922, 17, 33 ^ J., 1922, 310Jf. 

. 1921, 46, 624; 7., 1921, «13a. • 

^ 1922, 8, 241 ; E. R. Sutcliffe, J., 19^, 20^. . 
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An important feature of^the v«e of absorbents, particularly in 
explosives manufacture, ia; of course, the fire^hazard, and W. D. 
Milne^ discue^ses the question from this 'point of ‘Vief^ It is con- 
sidered* that no single feature is more likely to cause fire than 
generation of static^ electricity. ^ 

T. W. Wild gives an, account of the methods of volatile solvent 
recovery used in cordite manufacture, ushtg sulphuric acid, -vi^atcr, 
or cresol as absorbing media. The distillation i^processes are 
outlined and the factors governing efficiency are noted. 

Methods of recovery involving tl?e use of water, sodium bisul- 
phite and heavy tar oils are described by P. Brasseur.^* Particular 
attention is devoted to the absorbent action of sulphuric acid 
and cresol. The relative efficiencies of the various ])rocesses are 
discussed and curves are supplied showing the percentage of 
solvent vapour recovered by the absorbent from atmospheres 
containing various amounts of solvent vapour. The statement 
that adsorption ])rocesses cannot compete with those utilising 
suitable absorbents seems scarcely established. Among the 
patents that may be referred to as covering the use of adsorbents 
for the recovery of solvent vapour are the proposal by R. 
Lambcrt^^ to use iron oxide gel, and that of L. Hamon and T. H. 
Byrom^® to treat peat, lignite, sawdust, and the like for conversion 
into charcoal for use in the recovery of solvent vapours. 

^E. R. Sutcliffe and H. S. Raper^’ have taken out a patent for 
the use of steam superheated to 300 ° C. for the recovery of solvent 
adsorbed by activated charcoal. 

High Explosives for Military Purposes. 

In the redlm of military nigh explosives no new products have 
come to* light during the jieriod under review. As in most branches 
ef the heavy chemical industry, development v^ork follows the 
line of investigation the underljdng principles of the processes 
of manufacture, or the introduction of refinements into the existing 
methods. This ia- supplemented to some extent 'by *the accumu- 
lation of data regalding the properties of the various products, 
bht in general over *the whole subject a condition of relative stag- 
n^i^ion Aiay be said to exist. 

Ptcric Acid, 

The manufacture of this explosive, despite the ^cognised 
advent of trinitrotoluene, still holds a firm position, particularly in 

• ft 

Chetn^ Age (New York), 1923. 
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France, has been investigated rfurtl^^r by M. Marqueyrol and 
P. Loriettc.^® In previous years it v^ll be remembered that a 
high degree •bf sulphonafion of the phenol, prior conversion 
into picric acid, was recommended. The g-uthors here*further 
stress the point that the temperature of nitration be maintained 
sufficiently long at 110 ° to transform into picric acid all the dinitro- 
sulph'onate, ^ ^ 

The nitration of plienol has also been closely investigated by 
R. King,^® who has studied the nitration of various phenolsulj 
phonic acids and nitrophenoisulphonic acids. He comes to the 
conclusion that to obt iate formation of oxalic acid and dinitro- 
phenol, th(i latter of .vhich shows great resistance to further 
nitration by diluted acids, it is essential to carry out the sulphona- 
tion under conditions similar to those of Marqueyrol. 

The producAion of picric acid from various tree gums is an 
investigation which seems to recur at intervals. Most of such 
processes are, of course, uneconomic. W. R. JewelP® describes 
methods for oxidising and nitrating grass tree gum, and for sepa- 
rating and purifying the picric acid so obtained. The highest 
yield obtained was from Xanthorrlima hasiilis. 

The' hygroscopicity of picric acid has been investigated bj’ 
L. G. Marsh. He shows that the hygroscopicity is dependent on 
the purity of the material, or on the presence of water-soluble 
products. Material containing 0-05% SO 3 , as free sulphuric a^id 
or sulphate, in an atmosphere saturated at 32° C., increased in 
weight by almost 2% in 48 hours ; material containing 0*16% 
SO 3 increased 5%. 

^ T. S, Patterson®^ describes a metho^ for the d§t^^ minatioii of 
sulphuric acid in picric acid, based on the extractioft with water 
of a benzene solution of the material and titration of the ‘aqueous 
extract. • 

The use of chlorine or bleaching powd^ for decolorisation of 
picric acid wash waters and efflucift has been patented by 
J. Klemenz.fls * 

^ Trinitrotoluene and Amatc^, 

R. Robertson^* describes* investigations at Woblwich during 
the war, which led to Improvements in manufacture and *purift»a- 
tion of trinitrotoluene. Points dealt with are methods of nitrating* 
mononitrotoluene ; purification of crude T.N.T. by wasliing or 
crystallising from alcohol and by treatment with sodium sulphite ; 

Mem. Poiulres^\Q2\, 18 . 1 . • 

*'>Chem. Soc. Trans., 1921, 119, 2105; J., 1922,* 120a 

Ohem^ Eng, Min. Rev., 1921, 13, 322. 

« J. Ind. Eng. Chem., 1922, 14, 32 ; J., 1922 , Ul a. 
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detoluation of waste acid ; tdetelmination*of the |>urity of T.N.T. 
from its setting point ; tr6uble caused "bjr impjmties. It io stated 
that common^ symmetrical T.N.T. has lower explosive power than 
some ol its isomerid^s, but it is iCiore stable. W. H. Gibson®® gives 
an account of the proportions of M.N.T., D.N.tf, and T.N.T. 
pr<Muced at each stage of nitration of toluene, and the behaviour 
of the crude T.N.T. Tjuder vadous conditions is investigated! As 
a factor of importance in connexion with manufacturing*' control, 
^ special method is described for the analysis of M.N.T. based 
on the fusion curves of (o and p) and {m and p) M.N.T’s. Ternary 
setting point diagrams are also constructed for mixtures of 
2.3, 3.4, and 3.6 D.N.T's. Finally, the trinitration of M.N.T. was 
studi^ and a ternary fusion diagram for crude T.N.T. constructed. 
From this a curve is derived giving the change of crystallisation 
point during the nitration of toluene. The eutectic mixtures of 
the isomeric T.N.T’s. were determined and results were worked 
out to form a ternary fusion diagram. 

A great deal of controversy has ensued regarding the nature of 
the T.N.T. isomers occurring in T.N.T. oil. In this connexion 
reference may be made to the papers by M. Giua,®® 0. L. Brady, ®^ 
M. Marqueyrol,®® and H. Brunswig.®^ The latter states that the 
explosion temperatures with soda of the and 7 isomers are 
considerably less than in the case of the other isomers. 

^ bearing on the stability of T.N.T., reference may be made to 
tests carried out by the U.S. Bureau of Mines.®® It is stated that 
i^terial stored for 6 years does not show appreciable deteriora- 
tion in stability, strength, or sensitiveness. 

A patent by ,G. M. StineJ^ covers a method for purifying T.N.'IJ 
or trinitroxylol by washing the crude product with carbon tetra- 
chloride.* 

* Tetryl (TnnitropJmiylmethylnitroamine). 

A paper of importance qn the manufacture of tetryl is that of 
L. Desvergnes.®® A bibliography and summary of existing know- 
ledge of tetiyl mala^&ctrrf^ is given. Various methods of manu- 
facture are compared, and it is considered that the French method 
is the b^t, "fhe effects of incubation'of tetiyl at various tempera- 
toSlbi are given ; data are recorded regarding sensitiveness to .. 
'shock friction. A description is given of a continuous nitration 
apparatus for the production of tetryl. ' 

Chem. 80 c. Tram., 1922, 12i, 273 ; J.,*1922, 271|\. 

Qazzelta, 192 q 61, II., *113 ; J., J921, 71 Sa. 

« ChemMS^c. Trans., 1922, 121, 328 ; J., 1922, 393a. 

Poudres, 1^21, 19, 66. 

** A angew. Chem., 1923, 86, 76. 

^Ohem. 4(76. 6, 428. 

“,U.S.P.T460,676; J., 1923, 623a. 

Poudres, 1922^ 20, 217; J., 1923, 296a. 



W. L. Tanner®^ descuibes the laethftd of manufacture of tetryl 
employed at the^ High Explosives pla«t of the Bethlehem Steel 
Corporation.® The chief feature of the process is the rather high 
temperature nitration. It is diaimed that^with proper ^control 
crystallisation from a volatile solvent is not necessary to obtain 
material to pass the British Govemir^nt specification. 5^e 
recOiVery of oxides of nifrogt^ from the nitra^on and the treatment 
of spent* acid %re described. 

The utilisation of monom<'thylaniline for the production ot 
tetryl has been investigated b / T. J. Nolan and H. W. Clapham.®®* 
The authors, employim^ inethylphenylnitrosamine, have produced 
tetryl in a form which, u/en in the crude state, is free from m-nitro- 
tetryl. The nitration, which is carried out in sulphuric^ acid 
solution, is characterised by very smooth working and in this 
respect forms a ni irked contrast to previous efforts to obtain 
tetryl by direct nitration of monomcthylanilinc. Also the use of 
methylphenylnitrosamine results in considerable economies in 
nitric acid consumption as compared with the standard method 
using dimethylaniline. 

Miscellaneous. 

A. Pomaski®^ describes the preparation of trinitro-m-xylend. 
He states that nitration can be carried out in one, twcf, or three 
stages. The three-stage process is the most economical and was in 
use in France, the two-stage process has not been applied in practice, 
and the one-stage process as worked out by Prof. Solonina was . 
in use at the Krotte Factory in Petrograd. The molecular ratios 
used in the nitration are 0 of m-xylene, 22 1 of niti’^c acid, and 
^ of sulphuric acid, the dilution beinf^0| of wateV The xylene 
is added to the acid mixture, the temperature beiijg kept below* 
60° C. by cooling. Further details of the working up of the 
product are given. A yield of about 75% ii obtained. 

A. A. Drummond®® describes the preparation of trinitrobenzene 
by the nitration* of dinitrobenzene und^r v^io\^ conditions with 
a high temperature of nitration and a strong nitrating acid. A 
yield of only 29% of the theoretical was obtained, .and the pr8-^ 
position is, of cdurse,* not an economic one. This bears qj^t 
general experience on the nitration of dinitrobenzene. ^ 

L. Desvergnes®® gives, a bibliography regarding the manufacture* 
purificatijji, and military application of trinitroanisole and in- 
nitrophenetole. D%ta are given regjfrding sensitiveness to shocks 
velocity of detonation, pressure developed in bo^ib tests, primmg 

•* Citmj* and Met. Eng., 1923, 29. 404. 

Sci. Proc. Roj/al Dublin Soc., 1923, 17, 219 ; J , 1923, 1103a. 

** Pniem.*Oh6m., 6, 330. 
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power, etc. A discussion oj|^the decomposition of trinitrophenetole 
during its preparation from dinitroph'enetole included.o These 
explosives w(\re much employed by the* Germans, Hut their pro- 
duction never seems to have Beached any dimensions in Great 
Britain ; the substances are esters of picric acid, and as such are 
rattier sensitive to hydrolysis. A detailed description of the method 
of production of trinitrophei^ctole is givern by M. Marquej^ol ; 
this covers the production of the intermediate drnitrophenetole 
from dinitrochlorobenzene. 

A wide range of substances of possible interest as explosives, 
including hexanitrodiphenyl ether and hexanitrodiphenyl sulphide 
and sulphone, have been investigated by C. F. Van Duin.®® The 
problem of stability to heat is discussed, and the various tests in 
vogue are criticised. Explosion temperature and sensitiveness to 
shock and friction are also studied, 

Justrow®® gives a theory for the construction of high explo- 
sives sheU charges. In a fui*ther paper he supplies an expression 
by which the number of fragments into which a shell may burst 
may be calculated. The data required arc the explosive charge, 
the elastic limit of the shell materials, its extension, and the mean 
strength of the shell walls. The influence of the nature of the 
Explosive used is represented by a factor based on picric acid as 
standard. “ Factors are given for the various high explosives. 
The numbers are in about the correct j)roponions of brisance 
values, but may require modification as a result of sufficient 
practical testing. 

F. Olsen discusses the properties required in boosters for high 
explosives she^s ; amon§f the boosters considered are cyclotiji- 
methylenetrJnitroamine, he'xanitrodiphenylguanidinc, and cyanuric 
triazide! 

t Of practical interest is a paper by C. G. Storm,"^ who gives an 
account of an investi|;ation regarding sympathetic detonation of 
high explosive shells loaded with T.N.T. and amatol, with a view 
of determining s«fe /Ibnchtions for storage. It‘wafe found that 
detonation is trani-mitted laterally to much greater distances 
“\Iian in a “ m)se-tOjnose ’’ direetion,, and that a concrete floor or 
t^^. confinement offered by the walls and -roof 'of a building has 
, no material effect on the transmission of sympathetic detonation, 
^he author concludes that for the storage pf shells small magazines 
of a cheap, light type should be used, spaced at distances which 
will preclude the transmissioh of detonation fn^m one to another. 

PoudrSsy 1921 , 19, 70 ; J., 1922 , 349 a . 

Bee. Thv. Chim., 1920 , 39, 145 ; J., 1920 , 676 a . 
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R. Robertson and W- E/Ga^ner’^ have devised a bombjfor 
the measurement o^ the heat evolveS# during the detonation of 
high explosi^s, •and of the volume of gases prodyced, and the 
conditions of loading and initiatioji have been standardised? Expe- 
riments have iSeen carried out with T.N.T., picfic acid, and amatol 
80/20. In the case of an explosive givii^ complete combustion, 
the fesults^ for heat oif> detonation .and composition of products 
agree with th#se deduced theoretically. The products of detona- 
tion of high explosives in vacuum include COg, CO, HgO, Hg, 
CH 4 , CgHg, NH 3 , HCN, cailon, and a trace of NOg, but the 
pro})ortions are depeiulent on factors which include density of 
loading, and condneii) ’.it of the explosive, its completeness of 
detonation, and the nature of the initiator. The (jonditions under 
which free carbor is produced are discussed, and it is shown that 
its formation is ace(mij)anied by an increase in the heat of detona- 
tion and a diminution in the volume of gases liberated. Increase 
of density and confinement of the explosive give greater deposition 
of carbon during cooling. Incomplete explosion leads to increase 
in the volume of nitric oxide produced. 

High Explosives for Civil Purposes. 

Gelatins. 

There is nothing of outstanding importance to record regarding 
developments in the pure gelatin class of explosives. One infe- 
resting feature is the production of plastic gelatinous ammonium 
nitrate explosives by the use of aqueous solutions introduced by 
tjie Dynamit A.-G. vorm. A. Nobel u. Co. and P. Nav’um. In the 
original patent’^ a concentrated soluti^ of a salt containing water 
of crystallisation, preferably calcium nitrate, was, used* to the 
extent of 3% to increase the plasticity of ammonium nitrate safety 
explosives which contained insufficient nitroglycerin-nitrocotton 
gelatin to render them sufficiently soft»for cartridging. This was 
followed by ^rnilar claim’^ for concentfatec^ sulphite-cellulose 
waste liquor. Still more recently the claim hus been extended to 
cover a solution of any soluble salt added to the^ explosive.’* ^ 

Powder Explosives . 

In this class also little of note has appeared. Most oi. viix? new 
explosivei»are slight variations of older compositions with different 
proportions or witlf the ajldition of a smyll proportion of another 
oxidant or nitro-compound. 

. • ^ 
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Betemiined efforts in the Unitea States to utilise the . large 
stock of surplus propulsiws remaining from the war havp led to 
the development of numerous compositions,’^ coiisisUng mainly of 
low-grdde dynamites of approximately 40% strength which may 
contain anything i&om 20% to 90% of ground nitrocellulose 
ponder, or cordite, from 0 to 60% of sodium nitrate, with other 
ingredients such as aluminium and nitrogtycerin to increase sensi- 
tiveness. Similar compositions, but containing ammonium nitrate 
as well, have also been produced. Such explosives, among which 
are the Dumorites, have a wide field of usefulness in America, 
where low-grade explosives are used for opening up and clearing 
new country. 

A. J. Strane’® patents the method of utilising waste propulsive 
powders such as cordites by mixing them in a granulated form 
with blasting powder, by which means an explosive of much higher 
power than the blasting powder is obtained. 

The supply of high explosive recovered from shells etc. is not 
yet completely exhausted, and such explosives as amatol are still 
being utilised for various purposes. The recovery processes have 
not been without their accidents. L. W5hler’* gives an account 
qf a disastrous explosion, in Stolberg, of tw’o wagons of an artificial 
manure which had been prepared by mixing two parts of ammonal 
with three parts of kainite. It is presumed that the original 
explosive was badly mixed, and that a portion more sensitive than 
the rest, when struck with a pick in the presence of sand, detonated. 

In consequence of the frequent explosions which occurred in the 
working up of mixtures of ammonium nitrate and T.N.T. recovered 
from munitior.s, the Chenpische Technische Reichsanstalt investi- 
gated the ease of ignition and explosibility of these mixtures and 
of T,N.T. alone. The igniting compositions used contained 
stated amounts of black powder, petro-klastit, and aluminium 
powder. With somewhat more powerful ignition than that 
effected by fuse alone,^. explosive actions of the black powder type 
occur with both'‘mii:turf3 of ammonium nitrate and T.N.T. in 
“ •♦.ppwder form and teh loose T.N.T., the effect varying with the 
degree ^of confinement. Under special conditions foreign bodies, 
ffiieh as detonators, left in the recovered' explosive may lead to 
detonation of the mixture. 

W. 0. Snelling®® patents the treatment of a wet organic nitratfe ' 
such as nitrostarch with a saturated solution of ammoni««u nitrate/ 
the excess of Solution being removed. ‘ The wtiter is thus replao^ 

t ' , 
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by a solution containiftg very little yater, and it is claimed that 
by subsequent gadmixtiye of the treated organic nitfate with 
oxidising salts, useful blasting explosives are produced. 

Chlorate Explosives, 

Tfie toy^pity of th# fumes fron\ chlorate explosives has been 
investigated #)y H. Kast and A. Haid.®^ *The explosives tested 
were some of the commoner German compositions of this class, 
such as Miedziankit, Gesteiiiijalbit, Gesteinskoronit, etc., the eon!- 
positions of which arc given. The fumes were obtained both by 
detonation and by bulling, and the tests were arranged to dete(^ 
acidity, oxidising substances such as chlorine or nitrogen peroxide, 
and also carbon monoxide. In the detonation products chlorine 
and nitrogen pero' ide were present only in traces, but in larger 
quantity in the combustion products. On tiic other hand, carbon 
monoxide was always present in the detonation products to the 
extent of 1 to 3%, even with explosives having excess of oxygen 
in their composition, but did not exceed 0-1% in the combustion 
products. It is pointed out that although the combustion products 
of chlorate explosives contain highly toxic gases, yet the combustion 
products of ammonium nitrate explosives are worse, in that th»y 
contain more nitrogen oxides. On the other hand, the chlorate 
explosives are more readily ignited. 

In the development of new ammonium nitrate explosive^, a 
small proportion of potassium perchlorate is frequently added to 
increase the sensitiveness of the composition to detonation and 
^propagation. This is exemplified in numerous Gerr^an explosives 
such as Nospagit,®^ Ammon Cahucil^ and GermaniU A. Segay®* 
patents a composition of this nature. C. J. S. Lundsgaard and 
K. T. Herbst®^ suggest the use of the perchlorates of mono-, (^j-, 
or trimethylamine or tetramethylammonium, in admixture with 
other materials, to give blasting expltsives. It is difficult to see 
how these explosives could have any s^eciftj adj^antage or compare 
in^price with other perchlorate explosives. 


Very little advance has been made as regards safety explosmS 
during j^e last two years. In Great Britain a number of new 
explosives have appeared on the “ Permitted list ”,®® but they are, 
mostly slight moffificatidhs of those already on^tne list, taken. out 

Z. gia. SchieaS’ u. Sprengataffw., 1922, 17, 146 J . 1922, 961a. 
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by newly formed companion, or^ composiUons which have beeii 
modified for use with a N(f. 6 detonator.^ < 

Owing to difficulties with the supply of coal gas at Rotherham 
testing gallery, the /)fficial test '"of permitted cxplQsives has, by 
arrangement with Messrs. Nobel’s Explosives Co., been transferred 
me^time to Ardcer Factory, and preliminary experiments ^have 
been carried out at Rotherham with mixtures of methane and air, 
methane, hydrogen, and air, and petroleum ether afid air, with a 
yiew of finding a suitable substitute for mixtures of coal gas and 
air. The mixture of methane and air gave charge limits for 
permitted explosives far higher than those in force at present, the 
mixture of methane, hydrogen, and air gave irregular results, while 
a mixture of petroleum ether and air containing 1*5 to about 
1*75% of petroleum ether gave charge limits similar to those at 
present in force. The experiments were not continued in view of 
the appointment of a Joint Committee on the Testing of Permitted 
Explosives, and on their recommendation the research was entrusted 
to the Explosives in Mines Research Committee appointed in 
September, 1922.®® The wffiole subject of explosives for use in 
fiery and dusty mines is being studied under this committee, which 
has published a memorandum®’ giving a historical sketch of the 
methods used in Britain and other countries for determining the 
“ safety ” of explosives and outlining a programme of work which 
it js proposed to carry out and nhich it is hoped may lead to 
improved types of coal mining explosives and improved methods 
of testing them. Much of the practical work in this connexion is 
being carried out at Eskmeals and Ardcer. 

In Belgium a*.number of«^;nnv safety explosives have been placed 
on the list of Explosifs S.G.P.®® These explosives fall into two 
main classes, either with or without nitroglycerin, and closely 
resemble the British ammonium nitrate permitted explosives. 
A recent development *in Belgium has been the adoption by the 
Government of the coippulSory use of the Lemaire S^ifety Sheath 
in certain classes 'of c oal cinining. Lemaire has shown that by 
^ring dynamite and blasting gelatin cartridges in protective sheaths 
composed of nfixtures of certain materials, such ap sodium chloride, 
sodium fluoride, cryolite, etc., the “ safety towards firedamp and 
c^al dust is enormously increased. These sheaths are formed round 
the ordinary cartridges of safety explosives, "thus conferring further 
safety upon explosives which have already passed thd^'^Belgian 
gallery test. The use of .this sheath must reduCe the efficiency of 
the explosive considerably. Patents covering various tj^pes of 
safety sheath useful for this purpose have been taken out by 

Anrml Report of H,M. Inspector^ of Exphaivee for'lb22, pp. 20, 21. 

” Memo^amum on Explosives for Use in Fiery and Dusty Mineti etc., 1923. 

Ann. Mines Belg., 1922, 300, 302, 303, 621", 623 ; 1923, 44, 143. 
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Soci4te Anonyme d’Aremdonck,®®tby van Troll,®® and by J. M. 
Bonser.®! " ' 

As the resiHt of the destruction of the Testing Staiion at Lievin 
the study of safety explosives in* France ha^ been resumed at a 
newly erected station at Montlucon.®® In France the “ Explosifs 
antigrisouteux ” are not submitted to an^ standard gallery fest 
before autVwisation, bht n^ust satisfy, inte% alia, the conditions 
that no comli^stible products shall be produced on detonation, 
and that the calculated temnerature of detonation must noi; 
exceed 1900® C. for explosives used in stone works and 1500® C. for 
those used in coal. An-^ria, Czecho-Slovakia, Belgium, Germany, 
Great Britain, and the Jnibd States use, as a criterion of safety, 
the gallery test, which is an attempt to duidicate practical con- 
ditions. This difference of view-point has been emphasised in a 
recent controversy between E. Audibert®^ of the Montlucon 
station and E. Txmiaire®^ of the Belgian station at Framerics. 
Audibert®® asserts that the increased safety conferred by the 
Lemaire cartridge can be produced in other ways, and is practically 
the same as that of a tamping equal in weight to the sheath. He 
also discounts the value of photographic investigation of the flame 
from explosives. In an examination of “ Flammocite,” which is 
identical in composition with Flammivorc III bis, authorised for 
use for fiery mimis in Belgium, Audibert®® rejects this compo- 
sition on the grounds of (1) uncertainty as to the homogeneity pf 
the mixture, (2) presence of carbon monoxide in the explosion 
gases, (3) character of the explosive apart from the inert con- 
stituents. This attitude merely amounts to ignoring the value of 
safety ingredient,” which all practiq^il gallery te^ts have shown 
to be essential to safety explosives, rfie position is rather anoma- 
lous in that France would reject the safety explosives of other 
countries on grounds similar to those stated above, whereas th« 
French safety explosives would possibly nof pass the gallery tests 
of other countries. Audibert*’ states fhat although long expe- 
rience justifies the confidence that Frenqji ustrs f»f explosives have 
in the grisou-djmamitc and grisou-naphthaliteS authorised for iise^ 
in fiery and Ousty mines, thetfeasons why these explosives are sate 
are not properly understood.” For this reason further inVesti|a- 
tion is continuing. 

8»E.P. 196,917. 
w E.P4 i»201,507. 

"E.P. 206,022. * 

E. Audibert, Ann. Miltes France, 1922, 12, 15. 

®®Loc. cit. and Rev. de rind. Min., 1922. 

Ann. ^Mines Belg., 1922, 23f 649. 

Ann. Mines France, J.922, I., 399. 
fhSfe,.Il., 317. • 

^ Menmandum on Explosives for me in Fiery and Dusly ^ines, etc., 

1923, 7. 
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Liquid Aiif Explosii^. 

Strenuous efforts continue to be msde tcf eiiteijjd the use of 
liquid ^xygeti explosives, but up to the present the only plants 
where their use has^ been established on a large scale and is being 
coijtinued are in the Lorraine ironstone mines and at Pachuca in 
Mexico. In the case bf the latter A. p. Akin®® reportsr that 
liquid oxygen explosives are 'used only on faces which ^re* easily 
accessible. R. G. Skcrritt ®® reports that the first ’application of 
•liquid air explosives in the United States will be made in the iron 
ore mines at Mineville, with a plant producing 75 kg. of liquid air 
per hour. To facilitate transport of the liquid air the plant will 
be erected 1000 ft. below the surface level. 

The U.S. Bureau of Mines has issued a report on the progress 
made with their investigation on liquid oxygon explosives. These 
experiments include absorption and eva})oration tests on a number 
of absorbent and combustible materials, which have made it 
possible to design mixtures which would retain enough liquid 
oxygen after 15 min. for exact combustion of their combus^ble 
material to carbon dioxide and water. Tlie Trauzl lead block test 
was found unsatisfactory for comparing strengths owing to the 
email charge used, and the ballistic pendulum was found more 
satisfactory, showing the liquid oxygen explosives to compare 
favourably with 40% dynamite in strength. Preliminary tests 
indicated that liquid oxygen explosives are not suitable for use in 
gaseous and dusty coal mines. Electric detonators are recom- 
mended as the most certain means of firing. 

Under the auspices of Liquid Air, Ltd., trials were carried out 
in 1922 in the ironston(r''3nines at Frodringham : the results 
were stated to be most satisfactory, but the method has not yet 
})een adopted. J. A. Smeaton^®^ gives an account of a demon- 
stration given at Haygnge in Lorraine. It is very difficult to form 
definite conclusions from the recent development of the position 
of liquid oxygen ^xplcTsives in France. Previous to the imposition 
of a on these explosives in 1921 they were in a position of 
advantage as ^compared with other explosives, but the Association 
Mini^ d’ Alsace et de Lorraine complain » that the imposition of 
this tax has arrested the development of Ifquid oxygen instalia- 
' cions in the iron mines. In a report^®® issued in December, 1922, 
they enumerate the advantages of liquid oxygen explosives as 

JEng. emt Min. Presst, 1922, 978. 

•* Ootnpreaaed Air Magazine^ 1923, 427. 

XJ.8J Bureau of Mines, Tech. Paper 294, 1923. 

^^OoUiery Quardian, 1922, 1^, 1284. 

i“Iron and Coal Trade Rev., 1923^129. 

10 * « ju’Biaploi de TExplosif k I’Oicygene liquide dans 1 m Mines do Per 
de Lorraine.” ** 
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regards safety, hygiene^ arid'tecfcmq^e of usage, and point out 
the advantages whi^ would accrue to the State in time of war in 
tlmt nitrates •wodld be sdt free for military purpos^. They ask 
for a ruction of the tax. This report is ^controverted* by P. 
Cazeneuve,^®* Vho finds nothing in the claims to warrant a 
reduction. He states that all (>.rman etiid Polish mines wlfieh 
used ’liquidj oxygen during the war«have aljfuidonfid it now, and 
that of 68 mines in Lorraine only 11 continue to use liquid oxygen. 
The whole question is, however confused by the political situation;^ 
and the necessity for fosteririgt the artificial production of nitrates 
in France. 

A. James, in the course of a paper on the use of liquid oxygen 
in mining, gives details of experience of its use in the Real del 
Monte Mines at Pachuca. The advantages claimed for liquid 
oxygen are in general those which have already been enumerated 
in previous reports. W. Cullen, in remarks contributed on this 
paper, points out that the claim of greater safety is not substan- 
tiated, and that the cost of liquid oxygen explosives should be 
calculated on the whole expenditure involved. This is usually 
expressed in terms of the cost of the explosive, but with these 
explosives, which have a much lower density than the ordinary 
gelatinous explosives, extra labour, material, and power ai^ 
involved in drilling. This increases the cost very considerably. It 
appears that there is a field for liquid oxygen explosives in certain 
classes of work and possibly in countries where explosives are 
imported, and the cost of transport is very high, but for general 
mining they do not appear to have any future. 

Testing. 

A series of tests conducted by the U.S. Bureau of llines,^®* 
relative to the effect of cartridge diameter on the strength amf 
sensitiveness of certain high explosives^ have shown that rate of 
detonation apd sensitiveness to explosion tby influence increase 
with the increase of diameter of the cariridge. ^latin-dynamit^ 
decrease rapidly in both these respects on ageing, but ammonite 
dynamites are littje affected.* This decrease in gelafin-dynamites 
proceeds more rapidly the smaller the diameter of the cartridgGfi, 
and the decrease is more rapid with 60% than with 40% low-* 
freezing gelatin-dynamite. These result sare used in an article^ 
written W show the disadvantage ojf small diameter cartridge. 

** Les Eaploeifs dans les Exploitations Industriollse devai^ Tlmpot,** *** 
1923. ^ ^ 

*** ** Liquid Oxygen in Idming,” published by the Institute of ySnlng 
and Mbtallurgy, * 

> ^ U.5. Buftott 0 / Mines, SeriSt No, 2436. 

%»gineer,.1923, 65* 

3ll 
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It is pointed out that the percelitage of paper on |-in. cartridges 
is nearly double that on Ij-in. cartridges. * ^ 

0. !Poppenherg^°® has made an interesting contrijoution to the 
study of the products of explftsion. It was forip.erly supposed 
that an explosive decomposes in different ways according to the 
loading density. As far as detonating explosives are concerned, 
this is incorrect, as fthe explosion is. so ‘rapid that the pressure 
produced at the moment of explosion is practically ^ndep^jndent of 
*Jbhe surrounding medium. How'ever, unless these initial products 
of explosion arc quickly cooled, secondary reactions take place, 
and these are dcjicndent on the pressure and rate of cooling. 
Various devices were used for cooling the explosion gases quickly, 
such^as firing tlic explosive in an iron bomb enclosed in a large 
evacuated bomb. The loss of energy entailed by the sudden 
expansion of the gases into a vacuum after the bursting of the bomb 
led to rapid cooling. In another method, double- walled vessels were 
used with the annular apace filled with mercury or water. The 
gases produced by an explosive fired in the vessel were quickly 
and intimately mixed with the mercury or water, and rapidly 
cooled. Practical results obtained from experiments with picric 
acid and T.N.T. agreed very w^^ll with those deduced theoretically. 

Initiating Explosives. 

*In spite of the new initiating explosives which make their 
appearance from time to time in the patent literature, mercury 
fulminate and lead azide are still the only two of practical im- 
portance. Fulminate has not yet been supplanted to any great 
extent, though lead azid^Vs making headway. ' < 

A. Langhaps continues to publish the results of his investiga- 
ftions on fulminate and its manufacture, but fails to improve the 
long-established proofjss which has been w^orked out very ex- 
haustively on empirical lines. 

R. C. Farmer c^AieiJ out an interesting investigation into the 
decomposition of* mercury fulminate at 80° C., and observes^ that 
'^bllowing a quiescent period, the r^tpid formation of a catalyst 
Ij^ings ubout a brisk evolution of carbon dioxide. This result was 
quite unexpected in view of the earlier observation of Hoitsema^^^ 
*^that at 130° C., i.e., immediately below its ^explosion point, mercury 
fulminate gives off oxygen. Farmer’s promised investif^ption into 
the solid products of the deteomposition will therefore be awaited 
with interest. , 

angew. Chem., 1923, 86, 80; J., 1923, 293a. • ' 

ges. Schifi88- u. Sprengatoffw.^ 1922, /7, 122„ 131, 141, 160, 169 ; 
1923, 18i 17, 621 ; J., 1923, 120a. f , S ‘ ' i 

^^Ohem. I^oc. Trane., 1922, 121, 174; J., 1922, 199a. »» 

^ Z. phyeik. Chem.t 1896, 21, 147. * 
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Most of the interest tn ijew dStonator work is, however, now 
centred *on lead ^zide. JJobel’s ExploSivesCo.have obtained an 
extension to Jheir original patent for this country f^r a p^iod of 
four yeaf^ in yiew of its unavqid&ble suspeniion during the war 
perioi^^ 

I«.]i920, W. Eschbach^^® patented the use of aluminium detonator 
tubes as co^itainers for lead* azide. More recently he has patented 
detonator tubSs of aluminium alloy for the same purpose.^^* He 
also proposes aluminium tubr'.- fulminate containers along with 
an inner protecting cap of Copper, brass,* or celluloid^^® The 
construction of siich s '<ctonator might actually be of commercial 
advantage in Germany, where copper has been scarce and high in 
price. • 

Judging from the patent literature, however, the position of 
lead azide as a fuln;liiate substitute will be fiercely attacked, as an 
energetic search for new initiators is going on. As examples of 
these we may mention 4.6-dinitro-2-diazophenol,^^® tetrazole and 
triazole, and their derivatives,^’ the salts of azodithiocarbonic 
acid,^'® cyanuric triazide 1 .3-dinitro-4*5-dinitrosobenzene salts,^^’ 
and basic lead salts of nitro compounds. 

Sulphuryl azide is described by T. Curtius and F. Schmidt.^®^, 

It is, of course, very doubtful whether any of the new explosives 
above mentioned will ever come into use. It is always long odds 
against the laboratory article becoming a finished commercial 
product, which must be at once stable, readily ignitable, good 
running, moderately sensitive, powerful, and cheap. These pro- 
posals are, however, of interest in that they illustrate the persistent 
, gioping for a new initiator which is goirjg^Bon, and also because they 
set forth the strategic importance of sodium azide as the J^ase of 
operations. Sodium azide is prepared by the interaction of ethyl 
nitrite and hydrazine hydrate in presence of alkali. In thi^ 
connexion R. A. Joyner and Nobel’s Explosives Co.^“ make 
continuous the Qaschig process for the*ma^ufacture of hydrazine 
Chem. Trade J., 1923, 487. 

VE.P. 161,672 ; J., 1920, 766a. U.S.P. 1,438,3^9; J., 1923, 121a. 
E.P. 204,277 ; J., 1923, U54a. 

“»E.P. 196,907.* 

“•E. V. Herz, G.P.* 373,426; J., 1923, 864a. W. M. Dehn, U.S.P 
1,428,011 and 1,404,687 ; J., 1922, 961a. 

“E. V. Herz, G.P, 370,674; J., 1923, 685a. H, Rathsburg, E.P. 
185,666; J«pl 922, 880a. 

H. Rathsburg, S.P. 188,302 ; J., 1923, 688a, 

Soc. of Chem. Ind. in J^le, E.P. 170,359* ; J., Ig^l, 872a, See aUo 
E. Ott.. G. P. 352,223 and 360,664 ; J., 1922, 917a ; *1923, 246a. 
Wohler, Z. cthgew. Chem,t 1922, 85i 645. 

“«H. tlatlMburft E.P. *90,844; J., 1923, 332i*. W. feiederiolf, E,P. 
192,830; J., 19ft,* 332 a. • 

Her., 4822, 66, 1671, 1581. 

*E.P. 199,7501 J., 1923, 907a. 
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hjtSrate by the jnteraotion <of sodium hypochlorite and ammonia* 
and also* avoid ammonia iecovery. * , 

The «diy mking of initiating explosives such as I4ad azide and 
lead fityphnate inv(?lves an eletnent of risk, whiclj, E. von Herz 
avoids by simultaneous precipitation of the two salts and by pre- 
cipitating one upon the* other in suspension.^* This method Jias 
b^ made general m a series of patents ^issued by the Rhemisch- 
Westf&lische chemists, the claim being made not merely for a safe 
mixing, but also for the precipitation of homogeneous crystals of 
" isomorphous salts of ’ a modified br increased strength. Thus, 
W. Friederich claims for the precipitation of lead azide with other 
salts, H. Rathsburg for trinitrophioroglucinol,^® and H. Rathsburg 
and W. Friederich for tetrazole derivatives.^** 

The principle has not yet found a useful practical application, 
but the ground covered by the patents is so extensive that 
assiduous research might very probably bring to light some com- 
bination of importance. Incidentally, the individual patents 
reserve an enormous field. 

There is nothing new in detonator construction, though the 
Schlilze detonator, which applies the Neumann principle of the 
hollowed-out charge to the base of the detonator, is the subject of 
a prolonged and not very edifying wrangle over Bombom’s priority 
claims.^” W. Eschbach also patents the application of the 
principle 

The conclusion arrived at after a perusal of these and other 
articles^* must be that sound conclusions as to the initiating 
power of detonators cannot be derived from mechanical tests such 
as the lead* plate test, dhd that such tests can only have valle# 
when used to compare detonators of the same type. These views 
£nd confirmation in a very thorough study of the question by 
J. Barab.i** ^ 

With regard to developments in cap compositions, nothing of 
moment has be€||i achieved. The ultimate objective here is a 
single loading which wifl possess all the desirable qualities. As 
yet no. such substance is to hand. • 

,*J. IK Bums‘*^ makes an interestmg claim for a mixture of (i) 

»“E.P. 187,012; J., 1922. 901a. 

“*B.P. 180,605; 1922, 608a. 

»‘E.P. 190,216; J., 1923, 162iL 

“•E.P. 196,344, J., 1923, •804a. 

B. Bombom, Z. ge8.*Schie99- «. Sprengstcffw.t 1921, 177 ; 

66, 136. C. Bunke, Owd., 1922, 17, 16. J. Zinzius, ibid,, 1922, 

JMBP 

*w-ri922,2ftnv»/3in»J»^ 

Engineer, 1923, 51. ' ’ ^ ^ " 

»U.8.P. 1,437,224; J., 1923, 804a. 
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m oxidising agent leaving a oerrosi^e residue, (2) an oxidiwng 
agent, *and (3) a seducing agent with a non-corrosiv^ 'residue ; 
(2) and (3) j^eponderate and leave (1) inert. ^ 

H, claims mixtures* containing^ twier dia, Ayphnie 

acid and lead styphnate, and also a mixture containing diplumMc 
ditcinitroresorcinol,^®® a substance to whi(ii, without any appafient 
warrant, H' assigns a*graphic formula dopble that of ordinary 
normal lead tftyphnate. 


Ai^ALYSIS. 

Not the least of the j roblems which face the explosives chepiist 
are those connected with the analysis of explosive mixtures. An 
important separation with which he is constantly faced is that of 
nitroglycerin and other ether-soluble nitric esters and nitro-. 
aromatic compounds. 

M. Marqueyrol and E. GoutaU®* gave two methods for the 
quantitative determination of mixtures of trinitroglycerin and 
dinitroglycol. The first is based on the observation that in a dry 
atmosphere over sulphuric acid, trinitroglycerin suffers no loss, 
while dinitroglycol loses 12 mg. per 24 hours ; in the second the 
composition is deduced from the magnitude of the freezing 
point depression of benzene containing the material under examin- 
ation. Although the probable interference of other substances 
which may be present in the ether extract of an explosive ‘is 
considered, it is clear that these methods can only have a limited 
application. 

• A method for the quantitative sepa^tion of nijro^'ycerin and 
nitro-aromatic compounds is given i^y W. Dickwrf and W. C. 
Easterbrook.^®® The nitroglycerin is destroyed by. the tCotion of 
ferrous chloride in presence of methyl alcohol, which prevents the 
further nitration of the nitro-aromatic conlJ)Ounds present. 

A method, f os determining the resiSual* acetone in propellaat 
powders is described^®® depending on the acMon^f sodium hypcno- 
dite*on acetone in alkaline solution product iodoform. 
powder is cut upland hydrdiysed by sodium diydrokide solution ; 
the acetone present is ’distilled over into a flask, cooled ih water,' 
and the determination carried out on the distillate under 
conditions. Alcohol, aklehyde, diphenylamine, and ammonia do 
not interfere. The presence of substituted ureas involves a 8h|^t 
ooiaeotion. 

»O.S.5. 1,416,121 and 1,416,123 ; J.. 1922, 624 a. 

1,416.122; J., 1922, 624a. 

Aflw. 192iri9, 87 k <5f. J., 1920, 628a. 

1922, 47, 112 ; J., 1922, 310a. 
lEuqwqvd, Pmtdm, 1921, 16, 160. 
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A method of determining tl^e T.N.T., and tetryl content of 
mixtures:, of them, based qn the relative solubiHties of T.N,T, and 
tetryl in carbon tetrachloride at 0° C., is* dOscribed.^®? 
method' is fairly rapid and ea^, and gives results accurate to 
* within 2 %, The h%her the percentage of T.N,T. present, the 
greater the error. 


Acknowledgment is made of the valuable assistance rendered 
by various members. of the technical staff of Messrs. Nobel’s 
Explosives Co. in the preparation of this section of the report. 

C. A. Taylor and W. H. Rinkonbach, Ind. Eng. Chem., 1923, 15 , 280; 
J., 1926, 523a. 
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A. 


Abietio acid, flocculation of, 160. 
Absorption towers, 9. 

Accelerators, inorganic, 371. 
organic, 372. 

Acenaphthene, chemistry of, 102. 

oatedytic oxidation of, 104. 

Acetone production by fermentation, 
486. 

Acetylene, aniesthetic action of, 628. 
Achioodextrin II., 465. 

Acid Fuchsin, bactericidal action of, 
639. 

Acid fume, electrostatic precipitation 
of, 202. 

Acids, fatty, 316. 
fatty, molecyaktr structure of, 316. 
fatty, separation of, 324. 
or^mic, in fruit juices, 496. 
organic, preparation of, from vege* 
table matter, 95. 

Acridine dyes as antiseptics, 638, 539. 
Aoriflavine, bactericidal action of, 
539. 

Acrolein, detection ^)f, 303. ^ 

Ap;itator8, 10. ’ 

Au, liquid d^losive nature of, 196. 
Alo 9 hol, physiological action of, 484. 
production of, from ceUulo^ waste 
liquors, 160. 

Alcohols, catalytic dehydration Of, 

Aliaarin‘Be<i. 181. ' ‘ ♦ 

AUo;^ alttminium, 260. 
bnttleness of, 266. ^ 

copper, 264. 
gon-zino, 268. 

h^t- and acid-resisting, 268. 
h8at-1«eatment of, 266. 
magnesium, 263. 

Boolybdenum, 266. . 

niclml, corrosion of, 268. , 

non-ferrous, corrosioiv of, 267. 

AUyl arsenat^ $66. 

Alununa as an absorbent for water, 

68. t * 

Aluminium alloys, 260. 
bronze, 261. * 

oarbide, 260. 


electrical production of, 291. 
stearate for paints, 322. 
vessels for cooking, 600. 
work-hardness of, on aimealing, 
260. 

Amalgams, volume changes in, 265. 
Amber, 330. 

Amines, aromatic, chlorination of, 
96. 

aromatic, purification of petro- 
leum by, 81. 
preparation of, 96. 

Ariunoazo-dyes for acetate silk, 173. 
Ammon Cabucit, 657. 

Ammonia for fertilisers, 59. 
from coal gas, 57. 
liquid, composition and properties 
of, 60. 

oxidation of, 192. 
synthetic, 191, 192. 

Ammoniacal liquor, stills for, 8. 
Ammonium nitrate, explosibility of, 
540. 

sulphate from coal gas, 68. 
sulphate, manurial value of, 410. 
sulphate, production of, 192. 
Amyloid, production of, 171. 
Amylopectin, 461. 

Amyloses, 461. 

Amyrins, 327. 

Anaesthetics, 526. 
local, 528. 

Aniline Black, imprdvenient of, 180. 
Anthracene, catalytic oxidation of, 
104. * 

rempval of oarbazole from, 66. 
Anthracite,, constituents of, 22. 
Anthraqyinone* and its derivatives, 
preparation of, 117. 
dyes, 117., 
manufacture of, 104. 

Anthronp, 117, 

Antiarigenin, 621.** 

Anticorrosive paints, 249, 843, 
“Anti-knocks,’* 83. 

Antimonials, 635. 

Antiseptics, £37. < , k 

Arac^iis oil, detection bl,*'809* 

Ars^ as a textile fibr^ lit* 
Arginine, pfepaz»tio]0(«oi[f, m. 
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Amok, produotton oi, 4^7. I 

Arsemo, aolion of, on prot<)plnsm,*l 

in foods, fiO^. 

production of, 25dl J 

Arsenicals, 533t | 

Axsenoaoetio acid, 63& 

Arsinoacetio acid, 535. 

AtJ^gUltis on Manila her^, 140. 
Asphalt. 89. • 

Atotnisers, 35511 
Austenite, 244. 

Azo Carmine, 128. , 

Azo dyes, 105. 

bisulphite compounds Ci 106. 

for cotton, 109. 

for wool, 1 10. 

lakes froih. 111. 

mordant, 108. 

Azulmic acid as a dy < , 176. 


B. 

Bacteria, action of colouring matters 
on, 539. 

in lime liquors, 390. 
in soils, 431. 

Baking powders, 502. 

Ballistics, internal, 545. 

Bamboo -grass, Australian, wax from, 
318. 

Barbituric acid, hypnotics from, 532. 
Barley, 477. 

proteins of, 471, 472. 

Barley Besearch Committee, 478. 
Bases, organic, combustion of, 35. 
•Bast fibres, action of alkalis on, 139. 
“ Bayer 205,” 537. 

Bearmg metal, 264. • 

Beer, antoscorbutio properties of, 
470. 

carbonation of, 482. 
chilling of, 482. 
haze in, 485. • 

heat formation in, 483. 
ijjalt, 459. 
ifiomaltose in, 461, 
pasteurisation of « 482. 
ropinesss in, 460. 

Beet sugar. See Sugu. 

Beetling as a test of fastness in dye- 
ing, 175. 

i^Beheni(facid, 316. 

Benzaldehyde, prepaf ation nitra- 

tion of, 98. 

Benzene tfnd its homologues, toxicity 
dl,*66.. 

oatalytib oxidation of, 104. 

Benzoic doid? preplua>tion of, 99. _ 
Benzol, reooyery of, 49. 

Benzole AxlMia^t Netipnal, 52. 


nmiz. Mi 

• , 

Bu>8, 457, 468. 

Blkok powder, firmg of, 542. 
Blast-furnace, 254. * 

gas, 235. 

use of coke in/57, 235.* 

Bleaching oi textilq^ 165. 
with hypochlorite, 167. * 
i withjperoxide, 169. 

Boilers, waste heat, 42. 

Boric acictfrom volqanic steatn, 195. 
acid in foods, 499. 
acid, use of, in benzol purification, 
67. , 

oxide in glass, 206. 

Brass for cooking vessels, 500. 
quenched ajS, 264. 
red stains on, 266. 
removal of internal stress from, 
266. 

Breweries, bi f'terial infection in, 483. 
timlwr for, 472. 

Brewing mash, acid treatment of, 
457. 

varieties of hops in, 475. 
waters, 484. 

Bricks, carbonised, 228. 
disintegration of, by carbon mon- 
oxide, 223. 

Brunner Mond & Co., jubilee of, 190. 
Bufotalan, 522. 

Bufotalein, 521. 

Building materials, 230. 

Butter, determination of fat of, %96. 
n-Butyl alcohol by fermentation, 485. 
Butyn, 529. 

C. 

Cedbles, 267. 

Cacao butter, 310. , 

Ca^ium, electro-metallurgy of, 2^7. 

recryst^lisation of, 264. 

Calcium A'senate for controlling boU 

^weevil* ^^6. 

carbidtfman^acture, 279. 
cymaamlde, maRurial value of, 411. 
salts as feftfflSers, 421. *• 
thiocyanato, me^cerisation 

Calorimeters, bomb, 69. 
gas, 56, 68. 

Camphor, solubility of nitrooeBti- 
loses in, 151. 

Camphor oil, constituents of, 525. 
Clunpredon test, 20. 

Cane sfigar. See Sugar. 

Carbazde, boil&g po^of, 65. 

dyes from, 127. 

Carbon, deculorisillg, 447. j, 
dioxide as a fertmser, ^22. 
dioxide, detenniiAtioA % 

55. 
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Carbon Vnonoxide, combustion of 
mixtures of air and, 34. * 

monoxide recorder, 64. * 

Carbonisation, lo^w-temperature, 24, 
43. • , 

Carroten^, 489. , « 

Cas^n, coa^lation of, 492. 

in the paint industry, 342^ 

Cashew oil, 317. , 

Castings, 240. < 

Catalysis, 103. 

Qatalytic oxidation, 104. 

reduction, 104. • 

Celluloid, manufacture of, 151. 
Cellulose, absorption of methylene 
blue by, 135, 168. 
acetolysis of, 149. 
actioti of bacteria on, 135, 183. 
constitution and structure of, 148. 
cotton, molecular structure of, 146. 
cotton, standardisation of, 146. 
degradation products of, 149. 
determination of, in wood, 152. 
esters, 143, 150. 
ethers, 150. 

fermentation of, 136, 487. 
low-temperature tar from, 36. 
physical and colloidal properties 
c of, 143. 

viscosity 9 ! solutions of, 145. 
waste liquors, 159. 
wood, free from lignin and pentos- 
ans, 153. 

wood, structure of, 148. ^ 
wood pulp, 156. 

X-ray structure of, 132. 

Celluloses, a, j?, and y, 153. 

Celtium, 189- ^ 

Cement, crushing strength of, 231. 
drying dnd bujjiing of, 231. 

^setting of, 230. 

waterproofing of, 232. 

Cementite, 245. 

Ceramics, 218. 
glazes, 223, 225, 226. 
kilns, 222 . ' 

refractories, 227. 

CfWooal, active^ 52, 1(^3, 185, 649. 

use of,«in benzol recovery, 50. 
CHbese, fat in, 495. 
iChemicals, fine, 518. 

' heavy, 184. 

China wood oil. See Tung oil. 
Chlorate eirolosiy^s, toxicity of fuiqes 
from, 667. 

Chlorination, 96. , 

apparatu 8 >f<«r, 168. 

»ox water, 613, 616. 

C^orinci liquid,* industrial applica- 
tiozuhpf, 186. 

OhloToaldelfl^de^', 95. 

Chlorotoluenes, preparation of, 96. 


Chromate?, protection by,‘ against 
(¥>rrosion, 57. 

Chrome liquors, basicity of, 404. 
pigments, 336. ’ * 

yellow, 335 . * 

Chronium, diffusion* of , into metals, 
260. 

electro -deposition of, 300. 

Cider mayufacture, 487. 

Claraln, 21. 

Clay, ball, 218. f 
colloidal, plasticity of, 219. 

^re-, burning of, 219, 
suspensions, effect of hydrogen-ion 
concentration on, 220. 
synthesis of, 221. 
use of, in petroleum refinmg, 81. 
Coagulin B, 520. 

Coal analysis, 19. 

ash, melting point of, 183. 
caking index of, 20. 
carbonisation of, at low tempera- 
tures, 24. 

constitution of, 21. 
froth flotation of, 28. 
hydrogenation of, 18. 
low-temperature carbonisation of, 
60. 

specific heat of, 21. 
specific gravity of, 21. 
sulphur in, 29. 
washing of, 28. 

Cocaines, 530. 

Cod, coloration of, as salmon, 498. 
Cod liver oil, 309. 

Coke, blast-furnace, 27, 236. 
combustibility of, 31. 
manufacture, 30. , * 

metallurgical, physical properties 
of, 46. ' 

-ovens, 30, 44. 

quenching, water-gas from, 45. 
reactivity of, 46. 
sulphur in, 29, 47, 236. 

Collagen, hydrolysis of, 390. 

Colloid mill, 340. 

Colloidal solutions, viscosunetei; for, 
146. 

ColSphony* 330. 

Colour Users’ Association, 91. 
Colouring matters as antiseptics, 
538, 639. 
in foods, 498. 

See also Dyes. 

Comliu^ion, suefaoe, 36. 

Congestm, 619. 

Coolers, heat transmission* in, «• 
Copal, export of, 326. t 
Copper ay.oys, 26^. \ 

^effect of oxyjj€m«Dni. 263. 
electro-deposition of, 
electro*metaUai27*of, 
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Copper, hardness of, 262. 
metallurgy of, 262. ^ i 

sulphide, equilibrium of iron sul* 
phideandf25A • 

wire, tensile etrengih of, 26-^ 
Cordite, 656. 

m#inufacture, solvent rocoveiy in, 
650. 

Corffteion of ^\b pipes, 56. 
of iron and steel, 247. 
of noif-ferrouti metals, 267. 

Cotton, 129. 
action of light on, 134. 
boll weevil, calcium ar«''nate for, 
255. 

compression of, 134. 
constituents of benzene extracts 
of, 130, 164. 
dyeing of, 175. 
grading, 130. 

hairs, mercerisation of, 133. 
hairs, structuic and properties of, 
132. 

hydrolysis of, 131. 
mercorisation of, 170. 
parasites attacking, 129, 130. 
plasticity of, 182. 
raw, supply of, 129. 
wax, softening of, 130. 

Cotton Industry Research Associa- 
tion, British, 129. 

Cottonseed oil, 308. 

Couraarone resins, 335. 

Croweacin, 525. 

Cryoacope, Hortvet, 490. 

Crystals, large, apparatus for ob- 
taining, II. 
rate of solution of, 10. 
uyanamide, analysis of, 412. 
Cyanides, productiontof, 191. 
recovery of, 267. 

Cyanogen compounds, removal of, 
from gas, 48. 

Cymene, thymol from, 522. 


D. 

Deoaline, solvent ppwer o/, 333. • 
Detonators, 664. • • 

Dewar, Sir James, death of, 189. 
Dextrinozol, 466. 

Dextrose from cellulose, 563. 
Dianthranftl, 117. 

Dianthraquinone, IV. 

Dianthrone, 117. 

Diastatio'* power, determination of, 

4P66. « 

Diazotisatton, 105. 

Digitalig^nirP, f2\.* 

Digitalis, assay of, 521. 

Digitoxigeitini 52^9 


Dimethyipnenaninrene from d-pim- 
• aric acid, 626. 

Dinitioglyool, determinatibn of, 666. 
Disinfectants, 616. 

Distillation, 8. 

Dopplerite, ^6. 
in peat, 23. 

Dryer, Testrup drum, 7. 

Drying oils. See Oils. 

Durain, 21# , 

Dust, electrical precipitation ot, y, 

201 . 

Dyeing, 1J2. 

of animal fibres, 177. 

Dyes, 91. 

acridine, as antiseptics, 638. 
anthraquinone, 117. 
azo, 105. 

fading of, in fabrics, 176. 
indigoid, 1'3. 
intermediates for, 92. 
sulphide, 120. 
triphenylmethano. 111. 
vat, 121, 123. 

Dyestuffs industry, British, 91, 183. 

industry, poisoning in, 176. 
Dynamite, 556. 


E. 

n-Eicosanic acid, 316. 

Elaeostearic acid. 323. 

d-Elceostearin, 323. 

Electric arcs, 278. 

Electric furnaces, 269. 
arc, 273. 

cormAercial applications of, 274, 

ferro-alloy, 286. * 

for enamelling, 2J6. • 

for non-ferrous metals, 273, 288. 

for steel production, 270, 281. * 

for tin fecovery, 291. 

ii^uction, 273, 285, 280. 

laDorafery, ^7. 

ref ^t«)*iesj^, *2 7 9. 

resistancef 

theory of, 277. 

Electrical c^les and wires. 267. 

Electrochemical industry, 269. 

Electrodes, manufacture of, 279. 

Emulsions from tar oils, 66. 

Enamelling, vitreous, electric furnace 
for, 276. 

Ehgler distillation vest, 73. 

Enzymes, 463. 
activators of r 465. ^ 

Erytlirolaooin, 328. 

Essential oils. Se$ Oils. 

Ethanesal, 526. ^ 

Ether, aneesthetio 626, 

autoxidatioE of, 527. 
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Ethers, t>reparation of, S27. 

Ethyl alcohol See Alcohol. * ' 

Ethylene,' absorption of, ify sul- 
phuric acid„ 89. 

ansBsthetic actibn of, 628. < 

detenpinatior. of, in*gas, 66. 
Eu9ames, 630. 

Eutectics, structure of, 268^ . 
Evapprator, Praohe and^BouilloUi, 7. 
E^losions in recovery processes, 656. 
in works, 10. 
products of, 662. 

Es^losives, 640. ^ 

analysis of, 565. 
high, boosters for, 664. 
high, chlorate, 667. 
high, for military purposes, 660. 
high; gelatin, 666. 
hi^, heat evolved by, 666. 
high, powders, 655. 
high, shell charges for, 654. 
initiating, 562. 
liquid air, 660. 

manufacture, fire risks in, 560. 
propellants, 644. 
safety, 667. 
testing of, 661. 

E^losives in Mines Research Com- 
* xnittee, 668. 


F. 


Faraday Society, 346. 

Famesol, synthesis of, 624. 

Fats, animal, detection of, in vege- 
table oils, 603. 
rancidity pf^dOS. 
solid, 310. < 

Fatty acids. See under Acids. 
Fermentation, enzymes in, 463. 

industry, 466. ^ 

of cellulose, 487. 
of starch, 466. # f 

with yeast, 467. ^ * 

Ferro-tui^t^, nf!amif^^t6:e Bi, 288. 
^rro-vftnadium, preparation, of, 287. 
Fertilisers, 407. c ^ 
nitrogenous, 407, 410. 
brganic, 420. 

* phosphatic, 413, 415. 

TOtash, 419. 

Piores, animal, dyeing of, 177. 

Filter, stream-line, 6, 183, 185, 447, 
486. 

Filter-presses, constqut flow in, 9. 
Filtmtion afiparatus, 398. 
finishing textiles, 182. 

Fish oflat 324. * 

scales aiP a m^s of identification, 
499 . • 

Flame, velocity of, 94. 


V f 

Flammooite, 669. 

Flash-point determinations, «75. 

Flax, meroeriAirtj^n of, 170. 
micro-organvuns on, 138. 
re^mg of, in rela^on to bleaching, 
fi38. 

waste, cottonising of, 139. 

Flax seed oil, world’s produotjen Cf, 
320/. 

FloAdin, adsorptivn power ,jof, 81. 
Flue dust, briquetting of, 234. 
Foods, 489. 
rarsenic in, 601. 
boric acid in, 499. 
canned, hygiene of, 600. 
colouring matters in, 498. 
metals in, 600. 
preservatives in, 499. 
Formaldehyde, synthesis of, 103. 
Fractionating column, 80. 

France, electric steel manufacture in, 
283. 

nitrogen industry in, 190, 408. 
Fruit juices, malic acid in, 496. 

Fuel economy, 14. 
gaseous, composition of, 36. 
liquid, 17. 
motor, 82. 

motor, corrosion by, 64. 
motor, detection of sulphur in, 75. 
powdered, 14. 

Fiiller’s earth, decolorisivtion by, 304. 
Fur dyeing, 179. 

Furfural resins, 334. 

Furnaces, blast. See Blast-furnaces, 
electric. See Electric furnaces, 
reverberatory, 254. . 

Fusain, 21. 

Fusanols, a- a^d 626. 


G. 

Gas, absorption of, by liquids, 60. 
aeration of, for ‘burners, 36. 
analysis, 64. 

calorific value of, 69. » 

(yilorimeters, 66, 68. 
combustion furnace, 35. 
fluct deterinination of sulphur in, 66, 
natural, helium in, 88. 
natural, petrol production from, 87. 
pipes, corrosion of, 66. « # 

pmduccr-, 38. 

producer -, ddlermination of 
gen in, 54. , 

pr^ucers, 40. : 

purification, 47. \ 

reooveiy of benzol Jfrom>-49. 
f removal of oyahoien oOnmoteiB 
from, 48. / t / 

removal of naiAntfialene Irdibf 
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Gas, removal of sulphiir frpm,*4f. 
water-, 38. ^ < 

watef-, determination of moisture 
in, 65. . " 

Gases, adsorption of, *185. 
flow of, 43. • ' 

mixed, explosion of,«33. 

Gasoline. See Petrol. 

Gedfthite, 

Gelatin, 385, 405. 

Gelatini^rs, .54^ 

Germanit, 5.57. 

Germany, brewing in, 459. 

nitrogen industry in, 408. 

Glass, arsenic in, 200. 
boric oxide in, 200. 
bubbles in, 217. 

changes in mechruical properties 
of, 213. 
colour of, 215. 
decolorising of, 217. 
durability of, 210. 
electric furnace for annealing of, 
275. 

flint, electrical properties of, 217. 
fluorescence of, 215. 
industry, 205. 

mobility of, in relation to temper- 
ature, 208. 
permeability of, 215. 
soda lead silicate, expansion of, 217. 
titania in, 213. 
viscosity of, 200. 

ware, standard specifications for, 

212 . 

Glass Research Association, 205. 
Glazes, 225. 

. .razing of, 223. 

Glucokinin, 521. 

Gluco.sides, 521. 

Glue, 385, 40.5. 

Glycerin distillation, 8. 

Glyoxal, preparation of, 94. 

Goitre, water supply in reference to, 
613. m • 

Gold alloys with zinc, 258. 

cyanide process for, 257. 

Gossypyl alcohol, 139, 164. 
Granuloma, 635. ^ , 

Grape-seed oi', 308. • • 

Greases, melting points of, 75. 
Growth, action of light on, 490. 
Gumming, copper dish te^ for, 82. 
Gunpowd^, 541. 

BOlvent recovery (pom, 649.* 


• H. 

H-aoid. 191. 

Hemogl5biin/il^rptioii*of oxygen 
• by, 37. ' 


Halogens, action of ultra-violet light 
• on the reactivity of, 97. 

Heara poisons, 621. 

Heat pumps, 6. 
transference, 8.^* 

Helium in r^tural ms, 8b. 

Hemp, Manila, damage to, l)y micro- 
organisms, 140. 

Heptaline, solvent power of, 333. 

Hexa-amj^ses, 462., • 

Hexaline, solvent power of, 333. 

Hides, curing and soaking of, 386, 
liming and bating of, 389, 397. 

Hongay oil, 317. 

Hops, browing trials with, 475. 
determination of resins in, 474, 
diseases of, 477. 
drying of, 475. • 

preservative principles of, 473. 

Humic acids, 36. 

Humulon, 473. 

Hydrazine hydrate, manufacture of, 
563. 

Hyd on Blue, 127. 

Hydrocarbons in low-temperature 
tar, 61. 

oxidation of, 89. 

siviw oxidation of, 33. 

solubility :>f, in sulphur dioxide, ^1. 

Hy Irocellulosa, 149. 

Hydro 'hloi’ic acii, maflufacture of, 
186. 

Hydrocyanic acid, detection of, 96. 

Hydrogen ion con^’entration, 195. 
peroxide, bleaching with, 196. 
sulphide, catalytic oxidation of, 
203. 

Hj'drC^naphthoiu acids, 10 i. 

H]^notics, 531. * 

Hypochlorites, bleaching with, 167, 


I. 

Ice, ^an|f active of, 503. 
nUpi^dtf4ndmn, *3 1 1. 

Indeno in w%f9^-ga3 tar, 6B# 
India-rubber. See Rubber. 

Indigo salt T., 113. 

Indigoid dyes, 113. 

Indigotin, metallic derivatives of, 114. 

synthesis of, 1 14. ^ 

Institute of Brewing, 457, 472. 
Institute of Microbiology, proposed 
• National. 479. 

Institifbion of Chemical Engineers, 6. 
Insulin, isolation of, SjO. 
lodin'), distribution of, between 
chloroform and staroliu 183, * 
treatment of wat r wit^*513. 

Iron, addition of •arbnn and man- 
ganese to, 242, 
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Iron alloys^ eleoino turaaoed for, 2^. 
and steel Andustry, 233. 
cast, welding of, 240. 
castings, malleable, 241. 
contraction of, during solidifica* 
tion, 239. r. *' 
coiTosion of, 247. 
effect of annealing on stmo^^ure of, 
24 ^. 

electro ’deposition of, on rubber, 
297. 

^electrolytic, corrosion of, 300. 
grey, from tin-plate scrap, 280. 
manufacture, 234. 
nitrides, 246, 

• ore purification, 234. 

.ores, electrothermal smelting of, 

28(r. 

pig, production of, 233, 280. 
pipes, corrosion of, 56. 
properties of, 243. 
silicon*, apparatus of, 240. 
sulphide, equilibrium of copper 
(^phide and, 254. 
y*Iron, 245. 

J. 

J’Leid, 101. 

Jumbo Mullen tester, 142. 


. K. 

Kala-azar, 536, 538. 

Eaolinite, X-ray analysis of, during 
firing, 221. 

Kauri gum industi^, 326. 

Kerogen, 90. ^ 

Kerosenes,* oxidised, as fuel, 83. 
IQiaki, production of, 181. 

Kilns, 222. 


L. 

Laccaic ftcTd, 328. 

Laotalbumin, coagulatiop of, 492. 

Iiamp, imitation daylight, 183. 

Lafinderers’ Besearoh Association, 

• British, 136. 

lAundries, destruction of textiles in, 
165. 

Leaching, 9. ^ ^ 

lisad aside, aluminium ooi^tainers 
for, 563. ^ 

aside, expRiaive properties of, 562. 
impounds in paints, 338. 
eleotrcHmetallu^ of, 298. 
metedluagy of, 256. 

Xeather, a^ysil of, 402. 
dbtome^ 384, 396. 


stmjBCT nn)£x. • 

V I 


chrome, analysis of, 397, 404. 

* induutry, 383. • 

sole, 334 . ‘ f, 

tanning of, 39^. * 

iLeath^ Manufacturer’ Research 
Aiaociation, Britfw, 385. 

Lemaire safet/ sheath, 558. 

Leucite, potash from, 197. ^ c. 

Leaconostc^ in sugar juice, 435. 

Light,* action of, on growth, ^90. 
ultra-violet, action of, on yeast, 
480. 

Li^pin, 153. 
constitution of, 155. 
distillation of, 23. 
low -temperature tar from, 36. 
oxidation of, 154. 
pine, constitution of, 155. 
straw, structure of, 164. 

Lignins.a- and j?-, 155. 

Lignite as a fuel, 1 6. 
dehydration of, 37. 
gasification of, 41. 
pressure oxidation of, 36. 

Lime liquors, bacteria in, 390. 

Liming, 389. 397. 

Linderic acid, 316. 

Linen, bleaching of, 166. 
mercerisation of, 170. 

Linseed oil, drying of, 306, 321. 
films, yellowing of, 325. 
molecular weight of, in naphtha- 
lene or stearic acid, 344. 
world’s production of, 320. 

Lipase, splitting of oils by, 315. 

Lithopone, blackening of, 337. 

Liver oils, 309, 310. 

d-Longif-1.2-dione, 327. 

d-Longifolene, 327. 

LongitoUc acidi, 327. 

Lubricants, oiliness of, 84. 
viscosity of, 86. 

Lubricating oils. See under Oils. 

Lubrication, 84. 

Lunge, Georg, death of, 189. 

Lupulon, 473. 


Machinery^ and plant, 5. 

Magnesite,* 227. 

Magn^ium alloys, 263. * 

chloride, 196.»' 
salts as fertilisers, 421. 

Maize oU, 308. ^ ^ 

Malic acid ifi fruit juices, 496. ^ 
^thetip, applipations of|^4t98, 
!^t extracts, diastatifi ^wpr of, 466 , 
extracts, itaroh*liqu^ffAg 
of, 467. 
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maltase tn, ftoo. 
moist» 478. 

Maltase, 465. • 

isoMaltoae in<Deeit 461. 

Manganese, eleotrolftic, 300. 

in steel, 237> 

Mangrove bark, 393. • 

^li^arine analysis, 317. 

iJMostry, tOl. 

Martensite, 244. 

Meat, preserve*, 501. 

Menhaden oil, 310, 324. 

Menthols, 623. 

Menthones, 523. 

Mercerisation, 189. 

Mercury fulminate, explosive pro- 
perties of, 562. 

Metals, cold-workel, properties of, 
259. 

colloidal, preparation of, 95. 
corrosion of, 345. 
diffusion of chromium into, 250. 
electro -deposition of, 300. 
non-ferrous, 251. 
non-ferrous, corrosion of, 267. 
non-ferrous, electric furnaces for, 
288. 

oxidation of, at high temperatures, 
266. 

structure of, 258, 259. 
volume changes of, during melting, 
266. 

Metallography, 244, 258. 

Methane, chlorination of, 89. 
determination of, in mine au*, 56. 

S reparation of, from water-gas, 39. 
iethoxyresorcylaldehydc, 626, 

' Methyl alcohol, synthesis of, 103. 
Methylene blue, absorption of, by 
cellulose, 135, 1418. 
N-Methylgranatoline, esters of, 528. 
Micro-organisms in agriculture, 480. 
Milt condensed, determination of 
fat in, 495. 

detection ef hypochlorites in, 492. 
dried, analysis of, 493. 
dried, determination of fat in, 494. 
freezing point of, 490. 
pasteurisation of, 491. 

Mill, colloid, 340. 

grinding, 8. 

Miae*air, determination of methane 
in, 56. 

Mines, explosives in, 558, 560, 501. 
Mohuaoil, 311, 31^ • 

Molasses, sugar from, 439.* 
Molybdenum alloys, 266. 

irXffteel* 242. • 

Monel metal, 255. 

Tesist&aoe eftafo corrdlion, 267. 

161. « 

MmdantmJ, 17^ 


Mordants, manuiaoture ok 
Mator bearings, heat treatmeoat of 274. 
Moulds on sugar, 441. • ' 

Myrobalans, tannins in, 393. 

# 

• 3sr 

Naphtlffalene, catalytic hydrogen - 
• atioiXof, 106. ^ • 

derivatives, 99. 

determination of. in coal gas, 66. 
detemynation of, in tar oils, 67? 
double refractivity of, 65. 
removal of, from gas, 49. 

Naphthol AS, 102, 106, 176. 

Naphthol Yellow S as a food colour, 
498. , 

j5-Naphthol-4-sulphonic acid, 100. 
d-Naphthyl.'.mme, preparation of, 
104. 

-Naphthyl j3-dimethylammoethyl 
ether, ansesthetic action of, 630. 
Narcotine hydrochloride as a test for 
glass, 211. 

Naroylene, 528. 

National Clean Milk Society, 492. 
Neps in cotton, 176. 

Neradol D, printing on, 181. 
Nerolidol, synthesis of, ^24. 

Nettle fibres, 140. _ • 

Nickel alloys, corrosion of, 268. 
catalytic, for hydrogenation o4 oils, 
312. 

electro -metallurgy of, 299. 
metallurgy of, 255. 

Nitrate industrjr, Chi’ '’n, 410. 
Nitrimacid, mixtures of sulphunc 
0 acid with, 195.* 
production of, 194. 

Nitrocellulose, 64f! 

powders, drying of, 646. 
powdXl^, gelatinisers for, 546. 
powders, production of, 545. 
viscosity of solutions of, 145. 
NitnD'CMQpoAd5> catalytic reduction 
of,96j»l%. . . 

Nitrogen, determination of, in 
liser8,^13. * 

determination of, in irdh and f ted, 
247. 

determination of, in nitrates, 495. 
fixation of, 190, 408. 
oxides, absorption of, 194, 195. 
?Sritroglyoerin, explosion point of, 544. 
manufacture, 542. 
separation ?>fi from^nitro-aromatw 
oompoimds, 563. 

p-Nitrophenyloaibazole, 103. • 

Nitrosophenols, preparatiSn of, 98* 
Nospagit, 557. • 

Novooaine, homologues of, 529, 
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o. 

woOctadec&ne, 309. 

Oil fields, gas fi*om, 88. 
shale distillation)! 17. 
shales, kerogeq in, 90 .c* 

0il8,^rude vegetable, detection of, 308 
decolorisation of, by fuller,’^ earth, 
314. 

dryifig, 305, 320. ‘ 

drying, preparation of, 95. 
edible, refining of, 304. 

'essential, 522. , 

extraction of, 303. 
fattv, saponification of, 316. 
fish,* 324. 
hardened, 312. 
hydrtgenation of, 17, 312, 

Indian, 317. 
iodine values of, 317. 
lubricating, formation of, 72. 
lubricating, removal of wax from, 
85. 

marine animal, 3(0. 
mineral. See Petroleum. 
Roumanian, sulphuiiiation of resi- 
dues from, 89. 
semi- and non-drying, 307. 

Oitica oil, 324. 

Orange 11., adsorption of, by alumina, 
177. ' 

Ores, chloride - volatilisation treat- 
* ment of, 250. 
concentration of, 251. 
flotation of, 252. 

Organo-metallic compounds, 533. 

Oxycellulose, 149. 
tests for, 109.^ c ^ 

Oxygen, liquid, explosives from, 5>0. 
manufaoture of, 37. 

Ozone generators, 166. 
industrial applications of, 197. 


P8i(nt and vami^ indu^ry, 319. 

films, w^athenng of, 545. 

Paints, 335. 

, anti -fouling and anti-corrosive, 67, 
* 343. 

colloidal properties of, 340. 
lead, 338. ^ 

Palm oil, 302, 311. * 

Paper, rubber latex in, 352. * 
sizing of, k6(f. 

strong, from cellulose esters, 150. 
Para Re^, 180. • 

Paraffin, yge of, in sizing, 181. 
Paraffin wai, 86? 
purification of, 182. 


Peal, actiqn of alkalis on, 36. 
drypr for, 7. 
drying of, 15t 
drying and cokmg efi’, 36. 
pressure oxidfition of, 36. 

Pepsif., absorption of, 490. 

Perilla oil, 307, 323. 

Perylene, manufacture of, 120. 

Petrol, crocked, production of, 
guRi-forming constituents^of, 82. 
production of, frorf; natural gas, 87. 
use of, as a refinery refrigerant, 88. 
Petroleum analysis, 73. 
cracking of, /6. 
determination of water in, 75. 
distillation, 79. 
emulsions, 78. 
industry, 70. 
iodine values of, 75. 
nickel in, 72. 
oiigin of. 72. 

puiifieation of, by silica gel, 53. 
refining, 71, 80. 

sepal at ion of the components of, 74. 
Phenanthrene, solubility of, 66. 
Phenol, puiifieation of, 517. 
resins, 333. 

Phenols, determination of, in tor, 67. 
ext I action of, from ommoniacal 
liquors, 194. 

in Icw-tcn'iierature tar, 61. 
preparation of, 97. 
riienylnrsinic acids, 533. 

Phcnylglyt ine, manufacture of, 99. 

1 henyliotinduline, 128. 

Phthalic acids, esters, 530. 

onhydiide, iranufacture of, 104. 
Phosphates as fertilisers, 414. * 

solubility of, in citiic acid, 418. 
Picric acid, de(ein'mation of, 561. 
hygroscopicity of, 551. 
production, 650. 

Pign.ents, 335. 
chrenre, 336. 

determination of tho particle size 
of, 3C9. 

eflec't of, on drying oils,* 305, ,321. 
fading of, 342. 
hfding j:^wer o[, 340. 
microscopy of, 370. 
phofomicrographs of, 339. 
plastic flow of, 341. 
therirarconductivity of, 370. 
titanium, 337. ‘ 

PilehaVc^oil, 3C9. 

Pinacones, narcotic action of, 532. 

“ Pinking,” 82. ‘ ^ 

Piperitone, thymol from,«522. *' 
Fitch, in^stnal i^es of, Bfi, ^ 
Hluitary, hormonae fydm ^e, 618. 
Plants, effect of carboij ^loxide pft 
growth of, 423» • • 
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Plaster, drying of, 232, 

Plaston^ieter, 341, 454. 

Platinum, occurrence %nd extraction 
of, 258. ■ ^ 

Pneumoco-jcus, ^ spe^c subrtance 
from,' 519. ^ 1 

Poisoning, industrial. If 6. 


•in^ods, 600. 
^orcCTai 


PorcCTain, gU*,es on, 223. 
hard, ^4. • 

microstructur#of, 225. 

Potash industry, 197. 

salts as fertilisers, 419. i 

Potassium chloride fiom krl?) brine, 
198. 


determination of, 198, 420. 
nitrate, purity of, 541. 
permanganate, electrolytic pre- 
paration of, 198. 

Potatoe.s, solaninc in, 50 1. 

Preservatives in foods, 499. 

Printing, 180. 
pastes, 180. 

Pnstane, 309. 

Procollosc, 147. 

Propellant powders, 644. 
determination of resident acetone 
in, 505. 

Protoplasm, action of arsenic on, 634. 

Prussian Blue, 330. 

Poudre B, 545, 540. 

Powders, 547. 
propellant, 544. 
smokeless and flashless, 547. 
tin oxide in, 547. 

Pyridines in low-tompcrature tar, 62. 



a- and j3-Quartz, 229. 

Qiunol, manufacture of, 98. 
Quinolines in .low-tempomture tar, 
02 . 

Quinone, preparation of, 98. 
vat dyes* 123. 


R. 

Ramie, spjpning, mercerising and 
dyeing of, 139. ^ 

Ramsay Memorial Chuir, 6. , 
Rancidity, 303. 

Rape oil^ 308. 

as a Viscosity standard? 318. 
Refractori^* 227. , • 

disintegfati^if ol, b;y carbon moa- 
• oxide* ^ 

for eleotrit fum§tee, 279^ 


mi 


\ heat treatment of, 228. * 

^ specifications for, 229. 

utility ot, in coke-ovensf 228. 
Rosins, 325. 

^ analysis and claesificatioft of, 329. 
eoumarontfj 335. 
furfural, 334. 

manilf^ amyrms from, 327. 
jihenol. 333. 
polymerisation of, 331. 
synthetic, 93, 182, 333. 
world’s production of, 326. ^ 

RosinificatAon in relation to constitu- 
tion. 334. 

j?-Resoreylaldehydo, synthesis of, 99. 
Jtetene, 525. 

Retorts, Fellner and Ziegler rotary, 
25. • 


Fiechtl vertical, 256. 
for carboriLsution, 43. 
fusion patent rotary, 7. 
horizontal, carbonisation in, 37. 
vertical, carbonisation in, 38. 
Rickets, 305. 

Road tar, 64. 

Rosin, glyceryl esters, 331. 

size emulsions, hydrolysis of, 160. 
Rubber, accelerators for, 371, 372. 
action of chlorine and iodine ob, 
360. 

action of oxidising agents on, 361. 
action of selenium oxychloride on, 
362. 


ageing of, 378. 
analysis of, 382. 
anifcotropy of, 367, 3G8. 
constitution and prop i. lies of, 367. 
dry dfftillation oA, 261. 
elbctro-doposition of iron on, 297. 
fillers for, 369. 
latex, 349. 

latex, coagulation of, 350. 
latex, determination of rubber in, 

latex, pfecip^tes and dispersions 
o^ 33R ^ ^ 

latex, proror^tion and tfansport 
of, 349. , . . . • 

latex, vulcanisation of, 3Q5. 
microscopy of, 382. 
mixings, conductivity of, 370. 
mould formation on, 353. 
production and consumption of, 
347. 

ra,w, preparation of, 362. 
sprayed, 356,^56. 
swelling of, 363. « 

testing of, 8'>0. 
viscosity of, 362. • ^ 

vulcanisation of, 363. •• 

vulcanised, cum;^unl!mg ingre* 
dients for, 366. 
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c * 

Rubbertvulcanised, properties of. 364. 
Rubber (growers* Ai^ciation, 3o2, * 

* '*s. 

t ^ 

Sa^chanmeters, standardisation of, 
450. ^ 

Sainton, coloration of cod as, 498., 
Balvarsan gluooside, 53^. 

Sandalwood oil, 526. 

,Sands, moulding, 239. 

Sardine oil, 310, 324. • 

Sawdust, saccharification of, 488. 
Sea>anemone, poisons from, 619. 
Selenium in rubber, 371. 
Sesquiterpenes, constitution of, 624, 
626. 

Sewage, activated sludge treatment 
of, 607, 608, 609, 610. 
aeration of, 609, 611. 
biology of, 608, 510. 
colloids in, 506. 
disposal, 608. 
purification, 605. 

Shark liver oil, 309. 

Shellac and its decomposition pro* 
ducts, 328. 

* grading of, 328. 

Shellclic jB^id, 328. 

Shells, h^ explosive, boosters for, 
, 654. 

storage of, 654. 

Shipping, anti-fouling and anti-cor- 
rosive paints for, 249, 343. 
Shot-gun powders,' ballistics of, 646. 
Silica gels, adsorption by, 185. 
gels, manu^aoture and li^s of, 63. 
§els, use of, in benzol recoveiir, 62. 
Silicates? defoiTnation of, 217. 
^Silicofluorides, prevention of mould 
on rubber by, 353. 

Silk, action of light on, 138. 
analysis of, 138. . f 

artificial, 140. * • 

oellulyse acetefte^veliltg o^, 172. 
Btrubture of, 13^ ^ 
viscose, 141, 
vwco^, dyeing of, f74. 

• weighting, 180. 

Silver, electrolytic refining of, 257, 

^ 299. 

neosalvarsan, 634. 

Sizing, 181. • 

Skins, curmg and soaking of, 38^. 

liming ana l^ktiqg of, 389, 397. 

Slag, basicf constitution and manurial 
t value of, 238. 

as a^fertilisei*, 413. 

Smoke abatement, 187, 

Soap, det^efit power of, 166, 314 
manufacture of, 313. 


U f 

metallic, and their industrial appU- 
ications, 316. , 

Bod=^ sUieatra in, 314. 
solutions, proj^rtits of, 314. 
s^cture of^ 313. 

Socfity of Leather^ Prades CSiemists, 
385, 39T. 

Society of Public Analysts, 493. « 
Sodium^zide, preparation of^63. 
hydrosulphite, analj-Bis pi, 177. 
hydrosulphite, ifidustrial uses of, 
and its determination, 199. 

, hydrosulphite, reaction of silver 
chloride with, 200. 
nitrate, manurial value of, 410. 
sulphate, electrolysis of solutions 
of. 202. 

sulphate, mixtures of sulphiuic 
acid and, 200. 

thiosulphate, manufacture of, 199. 
Soils, 423. 

acid, fertilisers for, 416. 
acidity of, 425. 

African, 424. 
analysis of, 427. 
available plant food in, 427. 
bacteria in, 431. 

British fruit, 424. 
determination of nitrates in, 430. 
lime requirements of, 426. 
mechanical analysis of, 424. 
mineralogicul analysis of, 427. 
sulphur compounds in, 422. 
Solanine in potatoes, 501. 

Solid solutions, 259. 

Solvents, recovery of, 649. 

Soya bean oil, 307. 

Sprayed rubier, 366. 

Starch, action of iodine with, 454. 
constitutidn of, 461. 
determination of, 454. 
effect of, on tensile strength of 
cotton, 453. 
hydrolysis of, 463. 
manufacture of, 463. 
pastes, 454. 

pastes, viscosity of, 182. 

Steel, alloy, preparation and pro- 
^ perries of,, 241. 
carbbn,« effect of temperature on, 
'242. 

corrosion of, 247. 
effect' of tin on, 244. 
high-grade crucible, 239. 
r&apganesesin, 237. 
manufacture, 237. 
manufacture, from scfiap, 286. 
nitrogen in, 246. • . * 

production, electric fiimacei 
, 27ff.281,*3,f«. • i 

' production in the 1 United Kinsdieim 
233, 
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Steelt quenching of, 245. 
silicon^ 243. 
stainless, 240, 267. 486. 
structure of, 0*14. * ^ 
works, producer practice in, 41. 
Stibenyl, 636. * I 

Stills for petroleum, 79. • 
Stane^uilding, decay of, 229. 
Stovarsbl. 633. ^ 

Stoves, Cqwper, combustioi- m, 236, 
Strainers, 434. • 

Straw, bacterial treatment of, 488. 

lignin from, 164. c 

Strophanthidin, 521. 

Styrene in water-gas tar, 65. 
Succinite, 330. 

Sugar analysis, 449. 
beet industry, 442. 
beet juice, clarification of, 445. 
beet juice, extraction of, 443. 
cane juice, clarification of, 434. 
cane juice, evaporation of, 438. 
cane juice, extraction of, 433. 
determination of ash in, 450. 
determination of hydrogen -ion con- 
centration in, 451. 
industry, 432. 

' manufacture, decolorising carbons 
for, 447. 
moulds on, 441. 

production, chemical control of, 
452. 

raw, caking of, 442. 
raw, deterioration of, 440. 
reducing, determination of, 449, 
494. 

white, manufacture of, 436. 
^j^ugars, 461. 

Sulphide dyes, 126. 

Sulphonation, 96. % 

Sulphur chloride, vulcanisation with, 
363. 

compounds as fertiliser, 422 ■ 
determination of 203 
determinatiofl of* in flue gases, 55. 
determination of, in tar, 67. 
diojdde, •oatal 3 rtio reduction of. 


dioxide, solubility pf hySrocarb^s 
in, 81. , • 

finely-divided, as an insecticide, 
203. 

in coal and coke, 29, 236.* 
industry, zOO. 

removal of. from gat, 48. « * 
Sulphuric acid, manufacture of, 187, 
200 ., * 

mixtfti^ ot nitric acid dhd, 195. 
mlxtui;p^*of Bodiqp sulpii^te and, 

200. # * / • A 

^roductiot m the United KinflxlomT 
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95. 

Sunflov^er seed oil, 308. 

Sunflower seeds, wa» from, 31*8. 
iiuperphosphates, toanufaotore of, 


T. 


Tanning, 39$. 
chrome, 396. 
theory of, 394. 

Tannins, armlysis of, 398. 
sources of, 392. 

Tar, analysis of, 67. 
distillation, 8, 63. 
low-tempomture, 26, 60. 
low temperature, from lignih and 
cellulose, 36. 
road, 64. 
viscosity of, 65. 

Tartar emetic, action of, in disease, 
535. 

Tartrazine as a food colour. 498. 

Tetrahydrocarbazolo derivatives, 103. 

Tetraline as a thinner, 344. 

Tetramethylammonium chloride, 519. 

Tetryl, determination of trinitro- 
toluene and, 566. 
manufacture of, 552. ^ 

Textile industry, British, 162. 

Textiles, finishing of, 182. 
scouring and bleaching of, 164. 
testing of. 141. 

Thalassin, 519. 

Therm metor, 68. 

Tluazoleyn vulcanisatiot., 372. 

Thio-Rci(fs in vuloanfetwbion, 372, 

Thidfiiglycol, industrial uses of, 93. 

Thioindigo dyes, llfl.« * 

Thymol, 622. 

Thyroxin, ^3. 

Timber, 47z. 

Tin, eiectn^ytio reoov'ery of, 298. 
in foods, COO.^ 
in st6^1, Sl4 A * 
recovery, 2^.^ 

Tinplate indvutry, use of sulpbuilb 
acid 111 , 202. • 

Tin-plating, prevention of oonosidh 

by, 2^. 

Tintometer, 484. 

Titania, influence of, on glass, 213. 

Tit^iura pignfeNnts, 3C7. 

Toluene, ^catalytic oxidation of, 105. 

Transformer oil, ^ts for, 85. 
Trimethvlene-glycol dinitlate, 543. 

Trinitroanisole, nuiimfactura and • 
military use of, « 

Trinitroben^e, prenmti^of, 
Trinitrofflyoerin, deOrmmtion of, 
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Trinitrojbhenetole, manirfaoture and 
military use of, 653. f 

Trinitrotdiuene, determinatiofi of 
totiyl and, 

manumoture, 5£1. ^ 

Trinitro-.m-xyleijie, praparation of, 
;.553. 

Triphenylmethano dyes, 11], 
Trypanosomiasis, 533, 537. 
Tuberculosis, »treatnienl of, with 
acridine dyes, 538. 

;runK oil. 306. 

gelation of, 323. . 

Turpentine, Indian, constituents of, 
327. 

Russian, 326. 

world’s production of, 325. 
Tyres*with various fillers, 371. 


U. 

Ultrahumins, 22. 

United Alkali Co., centenary of, 190. 
United Kingdom, production of iron 
and steel in, 233. 

production of sulphuric acid in, 184. 
United States, petroleum industry 
«■ in, 70, 76. 

United States Bureau of Standards, 
498. ' 

United States Cotton Standards Act, 
130. 

Urea, production of, 409. 
woUrea derivatives, 632. 


^ ♦ V. 

Vapour |!jressme, apparatus for mea- 
„ suring, 50. 

Varnishes, 343. 
analysis of, 346. 
drying of, 344. , 

films, weathering^of, 345. 
insulating, 34^. J • 
spraying of, 344.* ' 
tat dyes, 121., 
quince, 123. 

Termilion industry, CSiinese, 338. 
Viscosimeter for colloidal solutions, 
* 145. 

Redwood, 318. 
rolling-ball, 85. * 

Vitamin- A, 489. * 

Vitamin-B from ye^, 469.* 
Vitamins, 489. 

« in yeast fermentation, 468, 469. 
Vitralqr* * 

Volunt«A, 531. 

Vu!oemisation,*363. 
aoc^eratoin for, 371, 372* 


W. 

Washing powders, per-rea^ents in, 
Kfb. « r 
Water, acidity'of, 516. 
chlorination of, 513, 516. 
determinat'‘on of hardness of, 397. 
purification, 613. 

Wax, montan, emulsions ofT ior 
rsizi^g, 161. 

montan, wax sulf stances* from, 87. 
paraffin. Sco Paraffin wax. 
Waxes, 318. 

Wine, ageing of, 487. 

Wood, American, analyses of, 152. 
coniferous, constituents of, 151. 
determination of cellulose in, 152. 
elTeet of liquids on, 11. 
oil, 306, 323. 
pulp, sources of, 156. 
pulp, sulphite, 157, 158. 
pulp, waste liquors from, 159. 
white spruce, hydrolysis of, 152. 
Wool, 136. 

action of fungi on, 136. 
action of hydrogen peroxide on, 
138. 

action of ozone on, 138. 
disinfection of, 137. 
dyeing of, 178. 
moisture content of, 137. 
shrinkage of, 137. 


X. 

Xylenes, pure, preparation of, 66. 


y. 

Yams, testing of, 141. 

Yeast, action of ultra-violet light on, 

48 ^. „ . 

development and nutrition of, 470. 
dried, 485. 

fermentation with, i6f. 

ivitamins in, 469. 

< 


Z. 

Zinc allo^ with gold, 2C8. 
eltectrolytici, crystal structure of, 
2§7. 

electro-metallurgy of, 293. 
metallurgy of, 256. , ‘ t 

oxide, manufacture oft 338. 
sulphide, dar&^ing^ of, *^336. 
'Zirooniura oxide, preparation of, 2P4« 
|)ure,?20. ^ *-• 
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, PATENT HYDRAUUC 

Accumulators 

• • 

•Ti^ most efficient method for operating any description of 
Hydj-aulic Machine fof P/essures •ranging • from 20 to 600 
^ • atmospheres. 



A few of the advantages gained by ifging ^ur Accumulator: — 
1. Comparatively light weight. 2^ SMootif \gorkmg. 

^ 3. JPossibility of erection on any floor. «Slniai floor • 
space. 5. No ,heavy ^weights. 6. No^ foundations. 

• • s • 

• 

• • 

I' or full information uritr to : — 

QAKER * PERKINS, JLTD., 

Manufacturers of Plant of all descriptioas — Grinders, Sifters, Separators, 
IVesses, Driers, etc., f toving Installations, Plant fo^;- the manufacture of Paint, 
Soap and a large number of other commodities. We inrite your problems 
for consideration. ^ # 

•VVESTWOOD* WORKS, PETERBOROpdH. 

• TclcQrams:m • Telephoned 

PlOX^ERjfS, i§^tm}oroufjh. ^ ^ 301 ^eterl^ppuglu 
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RfiPOUTS or TttE ^EOOBESS OF APPLIED CHRMIffUilY. 

t #» » f 


Tube M014 of BaU 

\ ^ 

I N addition to a technical staff competent to advise 
on this and dther crushing and grinding problems, 
Edgar Allen and Co., Ltd., offer a fully equipped 
experimental plant for engineers to carry out practical 
tests with their own materials. Send details of your 
problem, or study the brief descriptions below and 
write for literature. We can probably help you to 
answer the question above and also to get higher 
outputs. 

‘Stag’ Tube Mills For fine grinding, 

either wet or dry : charged with flint pebbles or steel balls. 
Supplied in sizes from 12 ft. long x 3 ft. in diameter to 30 ft. 
long X 7 ft. in diameter. 

‘Stag’ Ball Mills Continuous feed and 

discharge. For wet or dry grinding, with or without sieves. 
Material up to 7-inch cube can be fed to the largest mill. ' 
Supplied in sizes from 26" diameter of drum to 122" diameter 
of drum. 

‘Stag’ Pulverizing Cylinders 

For grinding in dry or wet state to a fine powder oir slime. 
Lined with hard cast iron or Edgar Allen steel plates. Other 
linings provided where necessary for chemical reasons. 
Supplied in sizes fr|;m li" diameter inside shell to 72^" diameter 
inside shell, ac ^ 

Stag ’ Combination^ Tube Mills 

For the combined work of preliminary and fine {grinding. Take 
the place of separate ball and tube 'mills. Supplied in sizes 
from 16-ft. long x 4-ft. diameter to 40-ft. long x 7ft. diameter. 

* ' 

Write Jor dppropriati ^teratuge. 



j«)VERT1JEM1:NT8. 
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X-RAY‘ SP^CptOGRA^- 

% (a) Determining space lat?tice structure 

, of cr>^taJs and powders, and Aus 

(b; Analysis of i.iystals and powders. 

(c) Analysis o'f solids us*ed as anti- 
cathoties. 

SPECTROGRAPHS 

for metallurgical and inorganic analyses. 

SPECTROPHOTOMETERS 

for organic chemistry: study of mole- 
cular structure, quantitative estima- 
tions, determination of purity, etc. 

WAVELENGTH SPECTROMETERS 

for visual spectrum analysis. 

- jp 

* • 

Our catalogues list every Accessory needed for 
these instruments, and give full technical in- • 
formation relative to choice oi equipment for 
specific purposes. We inwte ^ou to visit our 
laboratories, and to send us ^o«rr ^mrie fo^ our 
• mailing list under any or all of*tne following* 
categories; \ , 

CHEMICAL; PHYSICAL, 

. ENGINEERING. 

. .J !_^ 

• ADAM HlLGER Lta. 

7^.*Cam(]en I^pad, London, N.W. 1,** 


(Entrances 24 Rochester Place- 



* Whfether it be for ice-making, or , for' cooling 
liquids, solids, er gases, there no case for which 

BROttffiRHOOD 

REFRIGERATING PLANT 

will not, in price, efficiency and reliability, be a 
sound investment. 


Beloxv is shoiofn a Brotherhood SOO’-lon ammonia compressor t 
driven b\) a Uniflow Steam Engine. 




PETER BROTHERHOOD, LTD, 
PF^J^KBOROUGH. 


Makers also of 

STEAM ENqiNES, STEAM TURBINES, 

AIR & GAS C 9 MPRESSORS,. 

GAS. .CRUDE OIL & PARAFFIN ENGBCS, 
WATER, COOLING PLANT, 

REQ3VERY PLANT. &c. 
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POLARiMteTpiS 

Niyiierou3 Vicjdels, for everV variety of 
work. Accurat:j tubes of every kind 
always in stock? 

SACCHARIMETERS 

Instruments of highest accuracy. Control 
plates of quartz. 

REFRACTOMETERS. 

including Pulfrich, Abbe, Dipping, and 
Rayleigh gas and liquid refractometers. 


Full description of these anckother instruinents post 
free on application. We invite you t<5 visit our^ 
laboratories and to send us yo«r name for our 
mailing Ijst under any or dl pf Ae following 
categories: 

’ CHEJ^CAL, . PHYSICAL,^ 

ENGINEERING. 


ADAM. IIILGER Lm 

75'^\Ciyndeo Road, London, • N.W, 1. ' 

(Entrmeet 24 R^&eiter Nace aJJoiiMg) .*** 
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: T’-’ ^ 

BMISH ASSOCIATION 
' OF, CHEMSTS. 

THE PROFESSIONAL ASSOCIATION FOR ALL 
TECHNICAL AND ANALYTICAL CHEMISTS. 

« 

FOUNDED 1917. 

ESTABLISHED ACTIVITIES. 

APPOINTMENTS BUREAU.— Issues weekly circular 
of all available Vacant Appointments. Employers 
requiring the services of fully trained and expe- 
rienced chemists are invited to make free use of 
the Bureau. 

UNEMPLOYMENT fUND. — A contributory fund from 
which substantial benefits are paid to all members 
who may become unemployed. Cfvtr £900 was 
paid out in btnehts during 1923. 

LEGAL AlpV.Fli|jr). — ^To afford the maxrmum of 
'support anS assistance to all members in aU 
:gciatters of \ professional •naturff rei^uiring Legal 
Aid or Advice. , 



Further information and full particufars may be obtained 
•on applicaljon to the Hon. General iSecre/ary, 

Baker Street, ^ndoft, 
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XUSP0BT8 Of TSB FROGBSSS Of AFPIIEp OHSMISTRYC 


IT LASTS!. 

^ , 1 1 ® 

It you require an alloy to vdthstana 

.HIGH TEMPERATURES 

OR 

ACTION OF , ACIDS 

USE 

EMPEROR CHROME NICKEL 
ALLOY. 


Sole Ma\tn: 

SUTCUFFE, SPEAKMAN & CO., LTD., 

LEIGH, LANCS. 


BRINJES & GOODWIN, 

^LIMITED 

. CHEMICAL • ENGINEERS., 

«« 

COLD HARBOUR, POPLAR, LONDON, L 14, 

and at 

READING SNGI&REiUNG WORKS, READQiO. 

• ' — 

bSTABUSHED in I829v hqve stwdily 
^ specialised in Mixing .and' Grinding 
'Machinery, in which they claim to have made 
improvements, patented and unpatented, whkh 

' SAVE LABOUR, INCREASE* OUTPUT, and 
^ IMlPROyp PRODUCT. 

' Makers of thf celebrated “HELIX” Paten! Triple Roller * 
Mills, latent ftwitive Driven .Edge Runner <^ills a^^d ^Patent . 
•* • Improved Filterifrcsses. , , ' 
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SODA. 58°— 96/99%. 

CAUSTIC SODA 

(Solid)— All Strengths. 
(Flaked) — 

BICARBONATE OF SODA 
B.P. Standard. 

SODA CRYSTALS. 

SILICATE OF SODA. 

(All grades for all purposes.) 

CALCIUM CHLORIDE. 
AMMONIUM CHLORIDE 

(Muriate of Ammonia). 

CARBONATE OF AMMONIA 
SULPHATE OF 'ammonia. 


BftUNNER,M6l^lCo. 

{JMITED, 

NOgiTHWlCH ENGLAND. 

Telephone: No. 1, Telegrams: Crescent, Northwich. 

l6nDON‘ SALES OFFICE: 

7, £AV^ND1SH SQUARE, W. 1. 

Telephone: Telegrams: 

Langham 2820 & 2821. Sesqui, Wes^o, Loni^m. 
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BETOETS OF THE PBO€fRESS OF APPLIED CHEMIST^F. 

. ^ — I 

ODtFPRD TECHNICAL PUBLICATIONS 

^ ' > 

VAI0<(ISHEyANp THEIR COMI$)NENTS. ‘ 

By*R. S. MORRELL, M.A., Ph.D., F.l.C. Pp. xii.+Iii2. Fully illustrated, 
f 25s. net. 

SANDS AND CRUSFiED ROCKS. ^ 

^y A. U. SEARLE. « * , ^ 

Fol. .Volur«, Properties and Treatment, f 

Vol. I i.— -Uses in Induttry. 

^ A unique work of reference. 52s. 6d. net. 

ENGINEERING NON-FERROUS METALS & ALLOYS. 

By LESLIE AITCHISON and W. R. BARCLAY. l’|). xx.+IOO. 
Diagrams and photomicrographs. 2 Is. net. 

MODERN ELECTRaPLATING. 

Tjy W. E. HUGHES, B.A. 18 Plates (photomicrograplis). Pp. viii.-(-I60. 
16s. net. 

POWER ALCOHOL: Its Production and Utilisation. 

By G. W. MONIER-VVILLIAMS, M.C., M.A., Ph.D., F.l.C. The standard 
work. Pp. xii.+324. 21s. net. 

FLAVOURING MATERIALS. Natural and SyntheUc. 

By A. CLARKE. Pp. xii.+ 168. Illustrated. 8s. (id. net. 

Postage extra m all cases. 

HUMPHREY MILFORD, Oxford University Press, 
, Amen Corner, London, E.C. 4. 


SOLVENT 

RECOVERY by active Carbon. 

decolourising 

CARBONS in all qualities. * 

ABSORBENT 

CARBONS 

Granules of all dimensions 
up to one inch. Hi|:best 
'Absorbingt' Pot^rs known. 

SUTCHJFFE, SPEAKMAN & CO., LTD.^ '^ 

, LEIG^, LANCS." " 
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S..H. jQhnson ^ Co., LM., 

ENGIiyEERS 

■ I 1 ■ 



Filter presses Jacketted Pans 

& Mixers 


Air & Gas Compressors & Blowers 

of all types. ♦ 



CABPEINTiatS ROAD, STR^tFORDf 

* “LONDON, *,15. •* 

. let^rams : * • Tel^hone : 

Filtr^, rh%ae, Loj^don.” Muyland 1229. 



612 BEPOBTd 07 THE FEOOBE88 07 jLtVWm (mSOOffTkY. 
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□LME5 & p 

uddersfieldC 


’Phone; 1573 HUDDERSFIELD. ’Gram* r*'* HOLMES. HUDDERSFIELD, 


WE SPECIALISE IN 


WORKS PLANT 

FOR THE 

RECOVERY AND REFINING 

OF 

COAL BY-PRODUCTS 



FILTER PRESSES 

n.UNGER PUMPS, DIAPHRAGM PUMPS (for acid.), 
AIR-COMPRESSORS, FILTER CLOTH, LIGNUM-VIT® TAPS. 




■rji 


'FPEMIER filter press C»-. 1>* 

FINidSURY PAVEME^^r HOUSE, LONDON; 


^VSKT18£MX;3ITS. 




jV%' ' - V ^ ^ I - J ^ ^ ^ I 


j' f • 


FILTER' CLOTHS 

of 

BLUE ASBESTOS 


''‘iJ t ,V»'il 
Sf"4 ’V 


Do Corrosive Liquids Quickly 
Affect your Filter Cloths f 

Then use Blue Asbestos, which is acknow* 
ledged throughout the chemical trade to be 
a vastly superior acid-resistant than white 
asbestos. After two hours immersion in 
sulphuric acid, at a temperature rising 
from 15° to iio®C., it shows a loss in weight 
of only 2 J% as compared with 40% in the 
case of white asbestos. With hydrochloric 
and nitric acids a greater proportionate 
difference is noticeable. Thus is shown 
the advantage of Blue Asbestos filter^ 
cloths and bags. 

^ Send for Samples * 








tr,i. , 


Lv'-'-' ’ 






COLLODION, * 
COLLODION COTTONS 
PYROXYLIN, . : 

fot«all Ifto&fifriSl and Techi\ical Purposes 

, Fog detailed particulars applicaHon 
^ should be mdHe to^ • g 

Sole Manufacturers: ** s 

NECOL LIMITED 


(Proprietors: NobelUnduRtriel Ltd.) ^ 

Windsor House, Victoria Street. L01i[D0N, S.W.l 





APWfiBTlBJQUSirrS. 


010 



616 


OiT THE PBOQBESB OF^ APTLlEllfOHEMISTBY. 

_A : *... ' • 


Latfricate brScientiiic' NaM kw. 

^ Create extruded by comprened 


The “ MENNO ” System is 
efficient.* and "MENNO” Lubri- 
cators require little attention over long 
periods. 

Pressed from heavy gauge steel and 
brass* the steel Lubricators may be 
had rust-proofed by Sherardising pro- 
cess, and are used where chemical 
THE MENNO-COMPRESSED fumes, sea water, and ambient hit 

UeVSce^LONDON? Nlli! “““ 


ENQVIRIES SOLICITED. 


01 Himlm iO ni 111 


BABCOCK & WILCOX, LTD. 

PATENT 

water-tCk steam boilers. 

Over 24,000,000 h.p. 

Land r3rpe and Marine Type supplied or on Ordc^. 

. o^e# 450,000 h.p. 

• ^ Jt ipstalKsd in connection with 

Pliejmical IndusMes 

Also Makers oi ** Express ** Type LSg8iipireii(iiit Boilers. 


BABCOCK WILCOX BOILERS are constructed to suit idl 
(^ndidons of working, and they ci^ he fiiQpd with any kind of 
fuel. e 

COMPLY BOILER HOUSE IQUIPMENT* 
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MACJ^LLSN’S 'BOOKS Ql« 

applied chemistry.- . 


CHEMICAL TECftNOLOGY* AND* ANAEYStS OF 
OILS, FATS, AND WAXSS 

By Dr. J. LEWKOWITSC'.L M.A., F.I.C. Sixth Edition, entirely rc-^ 
written and enlarged PlditW by Olorcl H. Warkurton. In 3 vols. 
Illustrated. Mcdiu.. rfvo. Vol. I., 36s. net. Vol. II., 42s. net. Vol. 
111., 36s. net. 

LABORATORY COMPANION TO FATS AND OILS 
INDUSTRIES 

By Dr. J. LEWKOWITSCH, M.A., F.I.C. 8vo. 7s. 6d. net. * 

A COMPLETE TREATISE ON INORGANIC AND 
ORGANIC CHEMISTRY 

By the Right Hon. Sir H. E. ROSCOE, F.R.S., and C. SCHORLEMMER, 
F.R.S. 8\o. 

VOL. 1. THE mN-METALLIC ELEMENTS 

Fifth Edition. Revised by Dr. J. C. CAIN. 30s. net. 

VOL. IL THE METALS 

Sixth Edition. Completely revised by B. MOUAT JONES, M.A., 
and others. In 2 Parts. SOs. net. 

THEORETICAL CHEMISTRY, FROM THE STAND-^ 
POINT OF AVOGADRO’S RULE AND THERMa 
DYNAMICS 

By Professor WALTER NERNST, Ph.D. Fifth Edition. Revised 
accordance with the Eighth-Tenth German edition by L. W. Codd, M.A. 
Illustrated. 8vo, 28s. net. 


DISTILLATION PRINQPLES AND PROCESSES 

By SYDNEY YOUNG, D.Sc., F.R.S., with the collaboration ^ Lieut.-CoL 
E. Briggs, B.Sc., 1'. Howard Butler, M.Sc., F.I.C., Tho* H. Dnrrans, 
M.Sc., F.T.C., the Hon. F. R. Henley, Jas.^'Kewley, M.A., and Joseph 
Reilly, D.Sc. With 210 Illustrations. 40s. net. • • 

ALCOHOL; ^ITS PRODUCTION, PROPERTIES, 
CHEMISTRY 'and INDUSTRIAL APPUCAHONS • 

By C SIMMONDS, B.Sc., Analyst in the Government Laboratory, London. 
Illustrated. 21s. net. “ 

nte PRINQPLES OF THE RHAfiE THEORY. 

By DOtJGBAS A. CLIBBENS, Ph.D. Illiist4t«d,_25i Mt 

THE MANUFACTURE OF *ilinQU^lATE 
PRODUCTS FOR DYES • 

By JOHN CANNl^L CAIJ^, D.Sc. With IllustrAions. Second 
Edition Reviapd. 10l.fnet. H 

THE MANUFACTURE OR DYES 


By JOHN CANNELB CAIN, D.Sc. 


A TEXT-BOOK ©r INORGANIC CHEMISTRY 

Bf T. MARTIN LOWRY^ C.B.E., F.R.S., D.Sc. «llu8trated. 288, net. 

A DICnONMtY»OF CH^CAL SOLUmU^PSY 

by ARTHUR M COMEY. Pk.D. EdwA, mhnnl 

* COMEY, Ph,D., and DOROJ'HY A. 

Mnem^on'j Ct^fied Cdl^offw, post fret on ep&imn> 

yAflJILLAN & CO.. LTdXoNDON, W.CJ§. 



^ fc 

^Stuperlime 


S OFNOL SUPKHLIME SPECIALITIES. ,The word “ Superlime ” 

cfiaracterises our products in two ways. Firstly, it indffeates 
their special quality — they are products made by chemists with a 
full understanding of the needs ofifbrother chemists. Secondly, we 
are lime spedalisls. SOFNOL CALCIUM HYDRATE, developed, in 
the first place, to meet the exacting needs of water softening, is the 
purest hydrated lime on the market. It is a dry powder, stable, in 
every way convenient. 

A SOFNOL LIME-SODA MIXTURE consists of Sofnol Calcium 
hydrate ready mixed with the exact equivalent of Soda for the 
complete softening of your water supply. This is the ideal reagent 
for the treatment of hard water. 

We have to carry out many thousands of tests on our customers' 
water supplies. SOFNOL APPARATUS AND REAGENTS for 
Water Testing make our special methods available to all 
interested in this important branch of analytical routine. 

SOFNOL SODA-LIME is supplied in grades to meet every scientific 
and industrial requirement. 

We have published a series of intciestinfi booklets explaining our 
products and our service. To read these unit cost you only a post- 
card to our Grcenxvich labotalortcs. 



SOFND. 

LIMITTED 

.WE8TCOMBE 
* 'HILL 
GREENWICH 
S.E. 10 , 

Teletthone: Creer"**''* 

r Wti,re: ^ ^ 

C Softcrials-^Wes/i:o4^be — Botidon. 


TAS.174. 



W. Speaight and Sons, Ltd., 
Printers, 

Fetter Lane, London, E.C. 4. 







